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NOTICE

The information in this document has been funded wholly or in part by the United States
Environmental Protection Agency under contracts 68-03-3255 and 68-C9-0033 for Foster-Wheeler
Enviresponse, Inc. and under cooperative agreement CR-816862 for the Urban Waste Management
and Research Center of the University of New Orleans. Although it has been subjected to the Agency’s

peer and administrative review and has been approved for publication as an EPA document, it does not,

necessarily reflect the views of the Agency and no official endorsement should be inferred. Also, the
mention of trade names or commercial products does not imply endorsement by the Umted States
government.
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FOREWORD

Today’s rapidly developing and changing technologies and industrial products and practices
frequently carry with them the increased generation of materials that, if improperly dealt with, can
threaten both public health and the environment. The U.S. Environmental Protection Agency is charged
by Congress with protecting the Nation’s land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to formulate and implement actions leading to a compatible
balance between human activities and the ability of natural systems to support and nurture life. These
laws direct the EPA to perform research to define our environmental problems, measure the impacts,
and search for solutions.

The Risk Reduction Engineering Laboratory is responsible for planning, implementing, and
managing research, development, and demonstration programs to provide an authoritative, defensive
engineering basis in support of the policies, programs, and regulations of the EPA with respect to
drinking water, wastewater, pesticides, toxic substances, solid and hazardous wastes, and
Superfund-related activities. This publication is one of the products of that research and provides a vital
communication link between the researcher and the user community. -

The purpose of this User's Guide is to provide guidance to municipalities for investigating
non-stormwater entries into storm drainage systems. Contaminated non-stormwater entries into storm
drainage systems have been shown to contribute substantial levels of contaminants to the Nation's
waterways. These entries may originate from many diverse sources including sanitary wastewaters
from’leaky or directly connected sanitary sewerage and from poorly operating septic tank systems,
washwaters from laundries and vehicle service facilities, and many types of industrial wastewaters that
are discharged to floor drains leading to the storm drainage or from direct industrial wastewater
connections to the storm drainage system. Conventional pollution control programs may be ineffective
if these pollutant sources are not identified and corrected.

This User’s Guide will be useful to municipalities in conducting required studies as part of their
stormwater discharge permit activities, in addition to other interested users. It will enable users to
identify the type and to estimate the magnitude of non-stormwater pollutant entries into storm drainage
systems and to design needed pollution control activities. An associated demonstration project (Pitt
and Lalor publication pending) describes the development and testing of the procedures presented in
this User’'s Guide.

E. Timothy Oppelt, Director
Risk Reduction Engineering Laboratory

{iii)




- ABSTRACT

This User's Guide is the result of a series of EPA sponsored research tasks to develop a
procedure to investigate non-stormwater entries into storm drainage systems.. A number of past
projects have found that dry-weather flows discharging from storm drainage systems can contribute
significant pollutant loadings to receiving waters. If these loadings are ignored {(e.g., by only
considering wet-weather stormwater runoff), little improvement in receiving water conditions may
occur with many stormwater control programs. These dry-weather flows may originate from many
sources, the most important -sources may include sanitary wastewater or industrial and commercial
pollutant entries, failing septic tank systems, and vehicle maintenance activities. After identification
of the outfalls that contain poliuted dry-weather flows, additional survey activities are needed to locate

and correct the non-stormwater entries into the storm drainage systems.

This User’s Guide contains information to allow the design and.conduct of local investigations
to identify the types and to estimate the magnitudes of these non-stormwater entries.

This report was submitted in partial fulfillment of contracts numbered 68-03-3255 and
68-C9-0033 and cooperative agreement CR-816862 under the sponsorship of the U.S. Environmental
Protection Agency. This report covers a period from October 1, 1990 to September 30, 1992, and
work was completed as of September 30, 1992. This report was prepared under subcontract to
Foster-Wheeler Enviresponse, Inc. of Edison, New Jersey, and the Urban Waste Management and
Research Center of the University of New Orleans. 4
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SECTION 1

INTRODUCTION

Current interest in illicit or inappropriate connections to storm drainage systems is an outgrowth
of investigations into the larger problem of determining the role urban stormwater runoff plays as a
contributor to receiving water quality problems. Urban stormwater runoff is traditionally defined as that
portion of precipitation which drains from city surfaces exposed to precipitation and flows via natural
or man-made drainage systems into receiving waters. An urban stormwater drainage system also
conveys waters and wastes from many other sources. For example, Montoya (1987) found that slightly
less than half the water discharged from Sacramento’s stormwater drainage system was not directly
attributable to precipitation. Sources of some of this water can be identified and accounted for by
examining current NPDES (National Pollutant Discharge Elimination System) permit records, for
permitted industrial wastewaters that can be discharged to the storm drainage system. However, most
of the water comes from other sources, including illicit and/or inappropriate entries to the storm
drainage system. These entries can account for a significant amount of the pollutants discharged from
storm drainage systems (Pitt and McLean 1986). ‘

The U. S. Environmental Protection Agency’s (EPA’s) Office of Research and Development’'s Storm
and Combined Sewer Pollution Control Program and the Office of Water's NPDES Program Branch have
supported the development of this User’'s Guide for the investigation of inappropriate entries to storm
drainage systems. This User’s Guide is designed to provide information and guidance to local agencies
by meeting the following objectives of:

1. Identifying and describing the most significant pronounced sources of non-stormwater pollutant
entries into storm drainage systems.

2. Describing an investigative procedure that will allow for the determination of whether
significant non-stormwater entries are present in a storm drainage system, and then to identify
the particular source, as an aid to the ultimate location of the source.

The background study prepared in conjunction with this User’s Guide (Pitt and Lalor publication
pending)} examined three categories of non-stormwater outfall discharges: pathogenic/toxicant,
nuisance and aquatic life threatening, and clean water. The most important category is outfall
discharges containing pathogenic or toxic pollutants. The most likely sources for this category are
sanitary or industrial wastewaters. The outfall analysis procedure described in this User's Guide has
a high probability of identifying all of the outfalls in this most critical category. High probabilities of
detection of other contaminated outfalls are also likely when using these procedures. After
identification of the contaminated outfalls, their associated drainage areas are then subjected to a
detailed source identification investigation. The identified pollutant sources are then corrected.

ROLE OF DRY-WEATHER FLOWS IN URBAN STORMWATER RUNOFF ANALYSES

The EPA’s Nationwide Urban Runoff Program (NURP) highlighted the significance of pollutants
from illicit entries into urban storm drainage (EPA 1983). Such entries may be evidenced by flow from




storm drain outfalls following and during substantial dry periods. Such flow, frequently referred to as
"baseflow" or "dry-weather flow", could be the result of direct "illicit connections” as mentioned in
the NURP final report {(EPA 1983}, or could result from indirect connections {e.g., leaky sanitary

~ sewerage contributions through infiltration}, Many of these dry-weather flows are continuous and

would therefore also ocecur during rain induced runoff periods. Pollutant contributions from the
dry-weather flows in some storm drains have been shown to be high enough to significantly degrade
water quality’ because of their substantial contrrbutlons to the annual mass po![utant loadings to
receiving waters. K

Dry-weather flows and wet-weather flows have been monitored during several urban runoff
studies. These studies have found that discharges observed at outfalls during dry weather were

significantly different from wet-weather discharges. Data collected during the 1984 Toronto Area -

Watershed Management Strategy Study (TAWMSS) monitored and characterized both stormwater and
baseflows (Pitt and McLean 19886). This project involved intensive momtonng in two test areas {one
a mixed residential and commercral area, and the other an industrial area) during both warm and cold‘
weather and during both wet and dry weather The annual mass dlscharges of many pollutants were‘
found to be dom:nated by dry- weather processes

, Dunng the. mnd 19803, several mdwrdual munacnpalrtles and urban countres mrtrated studies to
identify and correct illicit connections to their storm drain. systems This actlon was usualiy taken |nf
response. to receiving water quality problems or mformatron noted during mdwrdual NURP pro;ects
Data.from’ these studres indicate the magnitude of the cross-connection problem in’ many urban areas.
From 1984 to 1986, Washtenaw County, Michigan dye-tested 160 businesses in an effort to locate
direct iliicit connections to the County stormwater drainage. Of the businesses tested, 61 (38 percent)
were found to have improper storm drain connections {Schmidt and Spencer 1986) In 1987, the
Huron River Poliution Abatement Program dye-tested 1067 commercial, industrial, and tax.exempt
busrnesses and buildings. A total of 154 (14. percent} were found to. have 1mproper connectlons ito
storm dramage (Washtenaw Co. 1988) Commercial car washes and. other automob:le related
busrnesses were responsrble for, the majority of the illicit connectlons in both.studies. Dlscharges from
commercral laundries were. also noted. An investigation of outfalls from the separate storm dram
system in Toronto, Canada revealed 59 percent with dry-weather flows. Of these, 84 (14 percent. of
the total outfalls) were identified as grossly polluted based on the results of a battery of chemical. tests
(GLA 1983). In 1987, an inspection of the 90 urban stormwater ‘outfalls dram:ng into Inner: Grays
Harbor in Washington revealed 29 {32 percent} flowing during dry weather {Pelletier- and Determan
1988). A total of 19 outfalls (21 percent) were described as suspect .based on visual . observatlon
and/or anomalous pollutant levels as compared to those expected in typlcal urban stormwater runoff
characterized by the EPA 1983 NURP report. :

CURRENT LEGISLATION

With additional data now available, the Clean Water Act of 1987 contained prov' io_ns specrflcally
addressing discharges from storm drainage systems. Section 402 (p) {3) (B} prowdes that permits for
such discharges:

i - May be issued on a system or jurisdiction-wide basis.

it. Shall include a requirement to effectively prohibit non- stormwater dlscharges rnto the
storm drains, and




engineering meth_ods, and . such other provisions as the Administrator or the State
determines appropriate for the control of such pollutants.

. In response to these provnsmns the EPA issued a final rule to begin mplementatlon of sectlon
402(p) of the Clean Water Act on November 16, 1990 (40 CFR parts 122, 123, and 124 National
Pollutant Discharge Elimination System Permit Regulations for Storm Water - Dlscharges, Federal
Register, Vol. 55, No. 222). A’ screening approach which includes chemical testing of outfalls or storm
drainage with dry-weather flow (defined by a 72-hour antecedent dry period), was -adopted. The
parameters to be tested are a combination of several pollutants of cencern and "tracers™ that may be
used to help |dent|fy contammated outfalls and predict the source nf illrcat discharges.

Sectlon 122 26 (d) (1) (lv) D) of the rule apphes specifically to this User's Gmde The. EPA
requsres an mrtral screenmg program.to provide a means of detecting high levels of pol!utants in storm
sewerage. “The protocol- of this User’s Guide seeks to determine whether or not.non-stormwater flows
are ‘causing problems (e. g. pathogemc, toxrc, aquatic life threatemng, nuisance), and to provide
addltlonal detail with respect to the source. It accompllshes this by. out[mmg an effectlve screening
methodology to identify storm drainage system outfalls contammated by illicit or inappropriate
dlscharges and to determlne specifically how the likely sources can be identified. This protocol is
supported . by a research report {Pitt and Lalor publncatnon pending) containing the results of a
demonstratron pro;ect usmg these procedures and much more detarled mformatlon '




'SECTION 2
~ OVERVIEW

POTENTIAL DRY-WEATHER DISCHARGE SOURCES

This User's Guide is directed to the identification and location of non-stormwater entries into storm
dralnage systems. It is important to note ‘that for any effective - investigation of pollution WIthln a
stormwater system, all poilutant sources must be included. Prior research has shown, that for many
pollutants, stormwater may contribute the smaller portion of the total pollutant mass discharged from
a storm drainage system. Significant pollutant sources may include dry-weather entries occurring
during both “warm -and cold months and snowmelt runoff, in addition to conventional stormwater
associated: with rainfall. Consequently, much less pollution reduction benefit will occur if only
stormwater is considered in a control plan for controlling storm drainage discharges. This User’s Guide
containg a protocol to.identify sources of inappropriate entries to sform drainage systems. The
investigations presented in this User's Guide may also identify itlicit point source outfalls that do not
carry stormwater. Obviously, these outfalls also need to be controlled and permitted.

Table 1 summarizes the potential sources of contaminated entries into storm drainage systems,
along with their likely flow characteristics. The following subsections summarize these sources. -

Residential and Commercral Sources

The most common poctential non-stormwater entries, which have been identified- by a revrew of
documented case studies for commercial and residential areas are:

& Sanitary wastewater sources:
- sanitary wastewater (usual[y untreated) from improper sewerage connections; exflltratlon or
leakage
- gffluent from 1mproperly operating, or |mproper!y designed, nearby septic tanks

¢ Automobile maintenance and operation sources:
- car wash wastewaters
- radiator flushing wastewater
- engine de-greasing wastes
- improper oil disposal
- leaky underground storage tanks

® [rrigation sources:
- lawn runoff from over-watering
- direct spraying of impervious surfaces

® Relatively clean scurces:
- infiltrating groundwater
- water routed from pre-existing springs or streams
- infiltrating potable water from leaking water mains

4
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|
TABLE 1. POTENTIAL INAPPROPRIATE ENTRIES INTO STORM DRAINAGE SYSTEMS
: R .
I '
: _ Storm Drain Fiow Contamination Category ]
[ Potential Entry Characteristics - , o
!; : Source: ' . O S g
Direct Indirect | Conti- inter- Patho- Nuis- Ciear
.| nous | mittent | genic/ ance
|8 SR Toxic
1 Residential Areas:
. Sanitary Wastewater X X X x '_ X x
~Septic tank effluent . Sy e X e X XL X
:'Househql_d_"cher'nica.ls x X X
Laundry wastewater - | X - : X - X
Excess landscaping L X X X X X
watering L ‘ _
- Leaking potable water X b ox : o e X
pipes . - . :
' C:orﬁmerc'ial Areas: _
Gasoline filling station X X ) X X
Vehicle 1 x T x X
maintenance/repair, b t
Laundry wastewater X X X X - X :
Construction siie _ o X X x X
de-watering ;- o '
Sanitary wastewater . X X X . X
Industrial Areas: _
Leaking tanks and pipes X X X X X
Miscellaneous process | X X X X X X X
waters't!

.N

Note:  X: most likely condition
X! may occur
blank: not very likely

M see Table 2 for industrial exampies




® Other sources:
- laundry wastewaters
- non-contact cooling water
- metal plating baths
- dewatering of construction sites
- washing of concrete ready-mix trucks
- sump pump discharges
- improper disposal of household toxic substances
- spills from roadway and other accidents:- ‘
- chemical, hazardous materials, garbage; sanltarv sludge landfills and disposal sites
From the above list, sanitary wastewater is the most significant source of bacteria and oxygen
demanding substances, while automobile maintenance and plating baths are the most significant -
sources of toxicants. Waste discharges associated ‘with the improper disposal of oil and household
toxicants tend ‘to be intermittent and low volume. -These wastes may therefore riot reach the
stormwater outfalls unless carried by higher flows from another source, or by stormwater during rains.

=

Industrial Sources

There are several types of mdustrial dry-weather entries to storm dramage systems Common
examples include the discharge of cooling water, rinse water, other process wastewater, and samtarv
wastewater. Industrial pollutant sources. tend to.be related to the raw materials used, final product;
and the waste or byproducts created. Guidance on typlcai discharge characteristics' assomated with
commaon industries is given in Sectlons 4,5, and 6. :

There is also a high potential for unauthorized connections within older industries. One reason for
this is that at the time of an industry’s development sanitary sewers may not have been in existence,
since early storm drains preceded the development of many sanitary sewer systems. Also a lack of
accurate maps of sanitary and storm drain lines may lead to confusion as to their proper identification.
In addition, when the activities ‘within an industry;change or expand, there is a possibility for iilicit or
inadvertent connections, e.g., -floor drains and -other storm drain connections receivi'ng industrial
discharges which should be treated before disposal. Finally, industries processing large volumes of
water may find sanitary sewer flow-carrying capacity inadequate or sanitary sewers iocated too far
away, leading to improper removal of excess water through the storm drain system.

Continuous processes, e.4., industrial manufacturing, are important potential sources because any
waste streams produced are likely ta be constantly: flowing. Detection of dry-weather discharges from
these sources is therefore made easier, because the continuous and probably undiluted nature of these
discharges is more discernable, e.g., odors produced will be stronger and colors more intense along
with their tracer constituents being more concentrated and more readily detected by sampling.

Intermittent_Sources

The presence of regular, but intermittent, flows will usuaily be a good indication of contaminated
entries to the storm drains, and can usually be distinguished from groundwater infiltration flows.
However, as drainage areas increase in size, many intermittent flows will combine to create a
continuous composite fiow. Examples of possible situations or activities that can produce intermittent
dry-weather flows are:

® Wash-up operations at the end of a work shift, or job activity.
® Wash-down following irregular accidents and spills.
® Disposal of process batches or rinse water baths.



. ® Over-irrigation of lawns. _ .
® Vehicle maintenance, e.g., washing, radiator flushing, and engine de-greasing.

_ Industries that operate on a seas'ogal basis, e.g., fruit cannihg and tourism can be a source of
longer duration intermittent discharges.’

3

Direct Connections to Storm Drains

-Direct connections are defined in this Guide as physical connections of sanitary, commercial, or
industrial piping (of channels) carrying untreated or partially treated wastewaters to a separate storm
drainage system, These connections are usually unauthorized. They may be intentional or may be
-accidental due to mistaken identification of sanitary sewerlines. They represent the most common
source of entries to storm drains by industry. .

 Direct connections can result in continual or intermittent dry-weather entries of contaminants into
the storm drain. Some common situations are: ‘

I

® Sanitary sewerlines that tie into a storm drain. :

® Foundation drains or residential sump-pump discharges that are frequently connected to storm
_drains. While this practice may be quite appropriate in many cases, it can be a source of
contamination when the local groundwater is contaminated, as for example by septic tank
failures. ' : C :

® Commercial laundries and car wash establishments that may route process wastewaters to
storm drains rather than sanitary sewers.

Infiltration to Storm Drains

Infiltration into storm drains most commonly occurs through feaking pipe joints and {poc')r
connections to catch basins and manhole chimneys but can also be due to other causes, such as
~ damaged pipes-and subsidence. :

- Storm drains, as well as natural drainage channels, can therefore intercept and convey subsm;face
groundwater and percolating waters. In many cases, these waters will be uncontaminated and have
variable flows due to fluctuations in the level of the water table and percolation from rainfall events.

“Underground potable water main breaks are another potential clean water source to storm dr?ins.
While such occurrences are not a direct pollution source, they should obviously be corrected.

' Groundwater may be contaminated, either in localized areas or on a relatively widespread basis.

in cases where infiltration into the storm drains occurs, it can be a source of excessive contaminant

levels in the storm drains. Potential sources of groundwater contamination include, but are not limited
to:

® Failing or nearby septic tank systems. _

® Exfiltration from sanitary sewers in poor repair.

® [eaking underground {and above-ground) storage tanks {LUST) and pipes.
# Landfill seepage. :

¢ Hazardous waste disposal sites.

® Naturally occurring toxicants and pollutants due to surrounding geological or natural
environment. :

e i i




Leaks from underground and above-ground storage tanks and plpes are a common Source of soil
and groundwater pollution and may lead to continuously contaminated 'dry-weather entries. These
situations are'usually found in commercial operations such as gasohne service stations, or industries
involving the piped transfer of process qumds over Iong d:stances and the storage of large quantmes
of fuel, e.g., petroleum refineries. S . _ .

INV ESTIGATION METHODOLOGY

Applymg the methodology presented in thls User s Guide will determine if a storm drain outfall
{and drainage system) is affected by pronounced non-stormwater entries. In many cases, the
information to be collected by using this methodology W|ll also result in a description of the most Iukely
sources of these discharges.

Several aspects of. this methodology were denved from the expenence of many mumcrpalltles that

have previously mvestrgated mappropnate entries into storm dramage systems

The methodology establlshes pnontles to tdentlfy the areas with the hlghest potentral for causlng
problems The investigative procedures then separate the storm drain outfalls into ‘three general
categories (with a known level of confidence) to .identify which outfalls- {and drainage areas) need

further analyses and investigations. These categories are outfalls affected by non- -stormwater entries

from: {1) pathogenic .or toxic pollutant somces, (2): nuisance and aquattc l|fe threatenmg pollutant
sources, and (3} unpolluted water sources.

The pathogenic and toxic pollutant source category should be considered the most severe: because
it can cause illness upon water contact or consumption and significant water: treatmerit’ problems for
downstream consumers, especially-if the pollutants are soluble metal-and organic ‘toxicants. These
poliutants may originate from sanitary, commercial, and industrial wastewater non-stormwater. entrles
Other residential area sources {besides sanitary wastewater), e.g:, inappropriate household toxicant
disposal, automobile engine de-greasing, and excessive use of chemicals lfertlllzers and pestlc:des) may
also be consrdered in this most crltlcal category : ook : ‘ w

‘Nuisance and aquatic. life threatenlng pollutant SOUrces can or:gmate from resrdentlal areas and
aside from raw sanitary ‘wastewaters may include laundry wastewaters, lawn |rr|gat;on runof‘f
automobile washwaters, construction site dewatering, and washing' of- concrete. ready-mrx trucks.
These pollutants can cause excessive dissolved oxygen depletions, and algal’ growtha tastes and odors
in downstream water suppiles ‘offensive coarse solids and floatables and notlceably colored ‘tUl’bld
or odorous waters. - - . ‘ : . _ : LR { Y

Clean water discharged- through stormwater outfalis can originate from natural spr:ngs feedmg
urban creeks that have been converted to storm drains, infiltrating’ groundwater infiltration frém
potable waterline Ieaks, etc.

Figure 1 is an outline of the major topics presentéd in this User’s Gmde, and Figure 2 is a
simplified flow chart for the detailed methodology. The initial phase of the mvestlgatlve protocol
includes the initial mapping and field surveys. These activities require. minimal effort-and. result in little
chance of missing a seriously contaminated outfall. The initial activities are followed:'by more detailed
watershed surveys to locate and correct the sources of the contamination inthe: ldel"l‘l’.lfled ‘problem
areas. After corrective action has been taken, repeated outfall field surveys are. requrred ‘to ensure that
the outfalls remain uncontaminated. Receiving water monitoring should also be ‘coriducted to analyze
water guality improvements. if expected improvements are not noted, then addmonal contammant
sources are Jlikely present and additional outfall and watershed surveys are needed.




MAPPING & PRELIMINARY WATERSHED EVALUATION ISECTION 3I

1 ldentrfy raceiving waters.
2) Locate ail outfalls and assocrated dralnage areas
3) Complle data on Iand uses wrthm dramage areas

'S’ELECTION OF TRAC'EFI PARAMETERS {SECTION 4)

1 Select physical and chemical parameters to measure. ot
’ 2) Determme surtabie analysrs techmques and number of samples
- required. . -’

3) DeveIOp lrbrary of potentlal local source flow characterlstlcs

INITIAL FIELD SCREENING SAMPLING ACTIVITIES ISECTION B)

) Conduct outfall screemng survey for mtermlttent and contlnuous
flows -

DATA ANALYSIS TO IDENTIFY PBOBLEM OUTFAI.LS
' AND FLOW. COMPONENTS ISECTION 6) o

1) Srmple procedures usmg checklrsts for typical major flow
' components.
"2} More detailed analyses utrlrzmg Ilbrary of data on potentral source
ﬂows will quantnfy flow components

WATERSHED SURVEYS TO CONFIRM AND LOCATE INAPPROPRIATE
POLLUTANT ENTRIES TO THE STORM DRAINAGE SYSTEM (SECTION 7)

1} Conduct dralnage surveys usang tracer parameters in cntlcal
watersheds.

2} Use flow mass balances, dye studres, smoke tests, and T.V. surveys
in isolated dralnage areas, ‘

CORRECTIVE TECHNIQUES (SECTION 8)

1) Educate public/i ndustry and enforce with ordmances, zoning, etc.

2) Disconnect illicit direct connections,

3) Wide spread entries may require regional solutlons or designation of
storm drainage system as a CSO.

ngure 1. Outline of major topics presented in this-User's Guide
9
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RECOMMENDATIONS

This User's Guide should be used as part of a comprehensive stormwater management plan which
addresses all sources of stormwater pollution. Correction of pollutant entries identified by use of only
this - User's- Guide is unlikely to achreve a S|gmflcant rmprovement in the quallty of stormwater
discharges or receiving wvaters. . .

A mun:crpallty will need to_plan their lnvestigatlon of mappropnate entries to a storm drainage
system to suit local conditions. This User’s Guide describes the issues in suffrcrent depth and provides
examples to enable the design of a local investigation. Greater : detail: and the results of a

comprehensive demonstration of these procedures will be given in a supportrng research report by Pitt .
and Lalor (pubhcatlon pendlng) .

The ful! use of al! of the applrcable procedures descnbed in thls User s Gurde is Ilkely to be requrred

for successful |dent|f|cat|on of’ pollutant sources. Attemptrng to reduce costs, for example by only .

examining a certain class of outfalls, or using inappropriate testing procedures, will significantly reduce
the utility of the testlng program:-and result in maccurate data A!so cursory data anaiyses is Irkely to
result.in maccurate conclusrons : :

Dunng :nvestugatlons of non-stormwater entries.to storm drainage systems, consideration should

_be given to any economic and. practncal advantages of designating the storm: dra:nage system as a

~

combined sewer systems and. applyrng end of—plpe combmed sewer overflow {CSO) control treatment

, It is also recommended that the methodology (appropr:ately modified) be applied to other types
of sewerage systems, such as: combined and separate sanitary sewefage systems, to locate
.inappropriate entries, e:g., untreated or toxic lndustnal wastewaters/wastes or mfrltratlonf nflow {11

in separate santtary SGWBI’S

It is recommended that thls User [ Gmde be updated and reflned by rncorporatmg expenence

- galned in its application. Incorporatron of :nformatlon from a W|de var:ety of test Iocatrons {e.g., lake

and data analyses protocols. described.

and large river receiving waters, tidal receiving waters, areas “experiencing long dry ‘periods, ‘areas
having short summers, areas having.unusual groundwater oharactenstlcs etc.) erI :mprove the testmg

\
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SECTION 3
MAPPING AND PRELIMINARY WATERSHED EVALUATION
PURPOSE

An mvestrgataon of non stormwater. entnes |nto a storm drainage system needs to proceed along
a systematrc path of. action, whlch rnvestlgates areas from hrgh 1) low potentral for causm' '
' and focuses in fnom general outfall screemng to pin- porntlng pollutant sources

. | A mappmg and’ evaluatlon methodology, as detaaled in this: sectlon is requrred to ldentlfy the areas
to investigate and to provide a basus to prioritize the areas by potent|al to contrsbute non stormwater
entnes |nto the storm dralnage system B ;

The ‘data collected in thls phase IS lmportant as rt forms the ba5|s for the rest of t h’e more detall' d'3
lnvestlgatlons, ‘described in the- subsequent sections of this User s Guide. : ‘

MAPPING

To make this exercise as economlcal and productwe as possrble, full adi

of any emstlng and avallable lnformatlon Data galned from exlstlng so r

age should'-be taken

im‘orma’oon requ:red I|kely data sources, and how to obtarn the mformat;on

Receivinq Waters_and Storm Sewer?OutfaIls

on appropriate maps. However records of ali outfalls are hard to locate and'
be found, the locations of the outfalls may not be accurate ltis therefore i
survey descnbed in Section 5 be used to supplement the data collected. dur :
noted in Section 5, it can take three visits to a drainage aréa to frnd all (or almost all) outfalls

Possible sources of documented information include:

* Clty records, drainage maps, and storm grain maps ' : :

¢ Previous surveys, e.g., sanitary sewer infiltration/inflow {I/l) and sewer system evaluatlon
survey (SSES) studies. :

® Topographic maps. :

‘® Existing GIS (Geographic lnformatlon System) data.

® Pre-development stream locations. :

® Drainage department personnel having knowledge of the area.-

® Aerial surveys. :

12




Drainage Area for Each Qutfall

The drainage area for each outfall must be determined and marked on the map. This wrll enable
known potential pollutant source locations to be assigned to the correct outfall. Sources for this
information are storm drain maps and topographical maps. These should be at least 1" = 200’ scale and
haye no greater than 5 ft contour intervals {depending on the steepness of the area),

Land Uses for Each Outfall Drainage.Area.

. Local planning departments should have detailed zoning maps of the area. These maps should
designate residential, commercial, and industrial land uses in each of the outfall drainage areas. In
addition, local revenue departments should have lists of business licenses for the entire municipality,
but they may not be usefully sorted. The pubirc health department should know where septic tanks
are used. Aenal photographs can provide useful mformatlon to rdentlfy andlor conflrm land use areas.
H;stoncal Iand uses, especlally Iandhlls and’ lndustnal areas, should also be noted

. An effectwe way to obtain this information is to examine the mun|c|pal|ty s zonmg ‘maps and to

dnve to the critical areas to conduct mspectlons The land uses of most interest are all industrial, most

commerclal and some’ municipal activities. The activities in the commerclal areas of most concern

include vehicle related activities (sales, parts, service, or repair), Iaundry or dry cleamng {including

hospltals and hotels), and restaurants. The munlclpal activities of most concern include but. are not
Ilmlted to: landfills, bus barns; alrports and samtary wastewater treatment facrllt:es

Table 2 can be used to :dentrfy the local industries in each dramage area most likely to contribute
non stormwater entries into the storm drainage system. The categories considered in this table include
loading and unloading of dry bulk or liquid materials, outdoor storage or processing, water. usage
(coollng and process waters), dust or particulate generating processes, and illicit or lnadvertent
mdustrlal connections. The Ilkelrhood of an industry producmg dry -weather or wet- weather dlscharges
in each of these categories was rated on the basrs of hlgh moderate or low potent:al and not

' apphcable if there was no relatlonship evrdent

The mdustnal categories listed in Table 2 were defined according to the 1987 Standard Industrlal_ .

Class:flcatlon Manual codes {SIC code}. The industries were classified according to six main categones
The category for " '‘Primary Industries” includes facilities involved in the production of food products and

other: basic goods The category of "Matenal Manufacturing lncludes those’ mdustnes producmg

mater:als such as lumber, paper, glass, and leather Simllarly, the "Chemical Manufactunng" category
mcludes those mdustnes making products such as plastics, paints, detergents, fertilizers, pestlcldes

and other’ re[ated substances. "Transportat:on and Constructlon“ ‘primarily concerns the dlscharge of

contammants from building or other types of outdoor development. The "Retail” category lncludes
estabhshments .engaged in the selling of merchandise or offering merchandtse related services. Finally,
all other industries which did not fit into any of the above classifications were placed into a "General"
category Those industries which are not specifically listed should have charactenstacs resemblmg the
mdustnes of the major groups wrth WhICh they are classufred by SIC code.

Investlgaters should take care t6 mc!ude any area where the land use has a potentlal to contnbute
pollutant sourcbs to a storm drainage system, As ‘stated above, these land uses .may not ‘be covered
by Table 2. Some common examples of land use sreas to be mcluded are g:ven below

[ Landhll areas can be a source of leachate and polluted runoff

[ Alrports have a high potential for fuel spillage. Aircraft deicing agents, and other malntenance

operations, produce wastewaters that may be discharged into the storm drainage system.

*
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® Government facilities, such as military bases, may store or-use pollutmg matena[s and have
large vehicle maintenance facilities.

#® Agricultural impacts are likely “to be greater fer wet- weather ﬂows, but practlces such as
irrigation and. dramage tiles may also produce dry-weather flows:

_ Frnally, itis necessary {0, ldentlfy and Iocate exrstlng permltted dlscharges to streams and storm

B -dramage The National Pollutant Discharge Elimination System (NPDES) permits, administered by most

.. states or, if not, by the EPA Regional Qffices, contain this information for the facilities currently having

discharge permits. Only a small fraction of all industries have NPDES permits, as most have:-no direct

. wastewater discharges to waters.of the United-States. Pretreatment programs for munlclpal sewage

freatment plants would also contam addrtlonal lndustnal mformatlon

' Other Relevant Informatron and Features

FE
~

It is important that investigators be aware .of any relevant features or information _wh'ich_:may be
. specific to their drainage area and not inciuded specifically in the above subsections of this User's
Guide. Examples of some items that need to be included are discussed in this subsection..

information on pre- development'strearns and springs, which may have been routed into the storm

drainage system, will aid in the identification of natural uncontamlnated or contaminated dry-weather
flows.

Information regarding depth to the water table wrll be helpfui If the water table is well below the
storm drain invert at all times, then groundwater- mflltratron may be less important as a potentra] source
of dry-weather flow. However, the acéumulation of percolating shallow groundwater will still occur in
storm drainage fill material and be a potential source of some infiltration water. Groundwater conditions
for the study area may be available from specral studies conducted by the USGS (U 3. Geologlcal
Survey), the state water agency, or other sources. Utility construction and repair crews and earth
moving companies should know of areas having-shallow groundwater Local 1/f and SSES studies also
include information concerning shallow groundwater Well log data collected during drlllmg of water
supply wells, and information from. geotechmcal mvestngatrons, may aIso be usefu!

: Areas serviced by sanitary sewerage and areas serviced by septic tanks should be determlned in
order to identify the areas most likely to have direct connections and infiltration sources, respectlvely
Either local health, sewerage, utility, enw;onmental or public works departments should have
information on the location of these areas. °

Older residential areas with failing infrastructure (especially sanitary sewerage in poor condrtlon)
. and hrgh density residential areas with septic tanks, should be designated as areas. with & hlgh potentlal
: for po]lutant entries into the storm drainage system.

\ PRELIMINARY WATERSHED EVALUATION-

: The above activities should produce maps wrth complete descnptlons of_ the dramage areas
mcludmg outfall locations, NPDES permittees,: critical land uses, dramage b es for each outfall,
'~ city limits, major streets, streams, etc. The investigators need to: classif age ‘areas by; :their
. potential for causing non-stormwater entries. This mapping mformatron togeth ith the information
i to be obtained as described in Sections 4 and 5 and analyzed as descnbed i on 6, will form the
! basis to rank the drainage areas in order of priority for further detailed draina _e“areag mvestrgatlons
{Sections 7 and 8). :

-
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The investigation of non-stormwater entries will have a cost associated with it, which will increase
with the drainage system size and complexity, and with the number of sources being investigated. All
poliutant sources, including both wet- and dry-weather pollutant entries, will rieed to be controlled to
have an effective improvement in the quality of the stormwater system discharge. Pitt and McLean
{1986} noted that even with the removal of directly ¢connected non- stormwater entries, stormwater
originating from industrial and commercial jland uses has a high: probability: of having unacceptable
polflutant loads. It would: therefore be prudent, at-an ‘early” stage in the.investigation, to review the
-costs.of. the investigation and corrective action versus the cost for treatment ofthe stormwater system
discharge. The classnfncataon of the stornL dra:nage system: as'a ‘Combined sewer, and subsequent
treatment. of the flow, may prove to be a more.economical and ‘practical alternatwe An appropriate
time for such a review would be after the .mapping and field screening activities to-avoid complex;
costly, and time ‘consuming dralnage system :nvestlgatnons into inappropriate- non-stormwater éntries;
and lnstead dlrect resources to pollutlon control

U
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CSECTIONA

-irilTR_oijUCTioN

The detectron and identification of mapproprlate entnes requnres the quantlflcatlon of specnflc
characterlsttcs of . the observed outfall baseﬂow The charactenstrcs of most interest should be
relatively unique for each potentlal flow source. Th:s w:ll enable the presence of each flow source g

. be .noted,” based on. the presence f{or absence} of these unique charactenstlcs The selected

charactenstncs are termed tracers, because they have been selected to enable the' |dent|f1cat|on of the
sources of these waters.

. _One approach presented in this User’s Guide is based on the identification and quantification of
clean baseflow and contaminated components. If the relative amounts 6f poteritial components are
known, -then the importance of the baseflow can be determined. As an example, if a baseflow is
mostly uncontammated groundwater but contalns 5 percent raw sanltary wastewater |t would be a

_ Ilkely lmportant source of pathogenic bacteria. Typlcal raw sanitary wastewater parameters (e.g., BOD, ‘

or suspended solids) would be in low concentrations: and the sanitary wastewater source would be
difficult to detect, Fecal collform bacteria measurements would not help much because they originate
from many possuble sources. Expenswe specnflc pathogen measurements would be needed to detect
the problem dlrectly

The ideal tracer‘shOUld have the following characteristics:

® Significant difference in concentrations between possible pollutant sources;
® Small vanatlons in concentratlons wrthm each Ilkely pollutant source category,

e A conservatlve behawor {i.e., no srgmﬁcant concentratlon change due to phy3|cal chemlcali

or biologrcal proceSses) and
L Ease of measurement with adequate detecnon limits, good sensmvrty, and repeatablhty

in. order to |dent|fv tracers meetmg the above crltena, literature characrerlzmg potential
inappropriate entries into storm drainage systems was exammed Several case studies which identified

procedures used by individual municipalities or reglonal agencies were also examined. Though most

of the investigations resorted to expensive and time consuming smoke or dye testing to locate
individuat illicit pollutant entries, a few provided. mformatlon regarding test parameters or tracers. These
screening tests were proven useful iri |dent1fy|ng dramage systems with problems before the smoke
and dye tests were used. The case studies’ also revealed the types of :Il:mt pollutant entries most
commonly found in storm dramage systems o

This list of potential illicit sources (see Section® 2} led to a search for information regarding the
chemical and physical charactenstucs of these spec:ﬂc flows. This search yielded typlcal characteristics

for sanitary wastewater, septic tank effluent coin- operated laundries and car wash effluents as well

as potable water and "natural waters". This information, along with specifics obtained from case
studies, provided the basis for selecting parameters for further study. Specific analyses will be needed
to identify the characteristics of local potential inappropriate entries and uncontaminated water
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sources, as described in this section.

CANDIDATE PARAMETERS

Many dlfferent candldate parameters were evaluated before the suggested list was developed lPrtt
‘and Lalor-publication pending).” It ig recommended -that the-initial field screening effort.{in the absence'. .

of known commerc:al and mdustrral act[wtles in. the watershedl mclude at least:

. Placement of outfall ldentn‘lcatlon number
® Qutfall discharge flow estimate.
® Floatables, coarse solids, color, turbldlty, o:l sheen and odor character:strcs of dlscharge and/or
.o receiving nearfield water.. -+
‘® Other outfall area charactenstics, e. g stains, debl’IS, damage to concrete corrosron unusual
“o oplant growth, ‘or absence of plants i e e A R
. - @ Water temperature: - : : e e e e Tens
- Specific conductivity. SRR
® Fluoride and/for hardness concentratlons :
® Ammonia and/or potassium concentrations. - o~
-~ ® Surfactant concentration and/or f[uorescence
. Chlorme concentratlon and PH..
If commergial or lndustrlal actlwtles ocecur in the dramage area, then it is important to add additional
parameters (e.g., a toxrc:ty screemng procedure ‘and spec:flc metallrc and organrc toxicant: analyses)
to the above llst -

Most of the screening el'-fort items ltsted above can:-be: obtamed at the outfall locatlon using fleld
procedures. It is much easier, more cost- effectlve, and much more accurate to collect samples in the
field for later laboratory analyses. Analyzing multiple samples for the same parameter is much more

efficient than trying to analyze a single sample for many parameters, especially under adverse field
conditions.

The selection of the analysis procedures and equipment will depend on many conditions, most
notably the -expected. concentrations -in -the uncontarinated - baseflows and-in the potential
non-stormwater. discharge flows, -along with the needed probabilities of detection. at the minimum
contamination level. A description of the techniques developed as part of this study to help in the
selection of the analytical procedures'is given later in this section. Other factors affecting procedure
selection include ease of 'use, analytical interferences, cost of equipment, training requnrements, and
time requnrements to conduct the analyses :

Physical lnsgectlon

_ Estimates of outfall flow rates, and notlng the presence. of orl sheens, floatables coarse solids,
color, odors, etc. will probably be the most useful indicators of qutfall problems. Physical observations
of outfall conditions have been noted in case studies to be very useful in determining the significance
of contaminated dry-weather flows. There has been a goad correlation between storm drains judged
contaminated after physical inspection and those judged contaminated after chemical tests at several
case studies {e.g., Inner Grays Harbor, Washington, Beyer, et al. 1979 and. Pelletier and Determan
1988; Fort Worth, Texas, Falkenbury 1987 and 1988 and Moore and Hoffpamr 1988; and Toronto
,Ontano GLA 1983). :
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Odor--

The odor of a discharge can vary widely and sometimes dlrectly reflects the source of
contamination. industrial dry-weather discharges will often cause the flow to smell like a particular

spoiled product, oil, gasoline, specific chemical, or-solvent. As an example ‘for many industries, the

decomposition of organic wastes in the discharge will release sulfide compounds into the air above the
-flow. in -the sewer, -creating. an intense; smelt: of rotten ‘eggs. In. partucular industries involved in the
-production. of meats, dairy products, and the: preservatlon of: vegetables ot fruits,. are common]y found
- to discharge organic materials into.storm drains.: As these organic. matenals Spoil and decay, the sulfide
production creates . this hlghiy apparent and unpleasant -smell.. Slgmflcant sanltary wastewater
contributions to a dry-weather flow will also cause. pronounced and dlstrnctwe odors
Color--, - : ' i : :
Color IS another mportant rndlcator of :nappropnate discharges, especrally from mdustnal sources.

conducted during cold months, or in areas havmg mdustn
: outfall that:-rs grdssly-ceatamunated ‘with sanitary wastewa

: substantlally mcrease efj faII dlscharge temperatures E
baseflows at ot F. outfa![s bemg screened) could be an: 1_'
warmer sourée; f]ows e

F!oatable Matter-- C : ;
A contaminated flow I may also contain floatables (floa
often leads to the :dentlty of the source of industrial o
substances are usually direct products or byproducts of:
sanitary wastewater. Floatables of industrial origin mavy.ing¢
-food: products, 0[|S, plant parts, solvents, sawdust,
floatab]es rn sanltary wastewater mclude fecai matter; :sa

Deposns and Stams-—' ; SR

Deposnts and stains (resndue) refer to any type of: co'
-dlscharge has- ceased They will.cover the area surround 193
Deposats and stams often will contain fragments of floata
of acrystalline or amorphous powder. These situations. are
contaln fragments of ammal flesh and hair whlch often are
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crystalline powder which commonly coats sewer outfalls‘due to nitrogenous fertilizer wastes.

.Vegetatron-- : S : : T .

Vegetation surroundmg an outfall may show the effects of mtermrttent or random non-stormwater

- -drscharges Industrial pollutants will often” cause a-substantial alteration in the chemical composrtron

and pH .of the discharge. This: alteration. will affect plant growth, -even-‘when-the "source :of
contamination is intermittent. . For. example, decaying . organic materials coming from various-food

+ product wastes could-cause an increase in plant life. In contrast, the drscharge of chemical dyes and
~inorganic pigments from:textile. mills could noticeably stunt plant growth, as these dry-weather
- discharges are often acidic. In either case, when the industrial poliution constituent in_the flow ceases,

the vegetatlon surroundmg the outfall will continue to show the effects of the contamination.

4

o ln order to. accurately judge if the vegetation: surroundlng an outfall is normal, the observer must

. take into.account the current. weather conditions, as well ‘as the time -of year in the area: Thus,

- flourishing.or inhibited. plant growth, as well as dead and decaying:plant life, are all signs -of pollution
- or-scouring flows.when:the condition of the vegetation’ beyond the outfalt contrasts with: the plant

. conditions -near the -outfall. It:is important not to.confuse the adverse effects of high storm-induced

- flows on-vegetation with highly -toxic. dry-weather intermittent. ﬂows Poor plant growth cou!d be
‘assocnated wrth scounng flows occurrmg durmg storms S :

Damage to Sewerage/Outfall Structure-— : ‘ G
Sewerage structural damage is another readily wsnble mdncatron of both contlnual and intermittent
industrial dry-weather- discharge contamination. Cracking, deterioration, and spalling of concrete or
peeling of surface paint,. occurring-at .an outfall are usually caused by severely contaminated
discharges, usually of industrial origin. These contaminants are usually very acidic or basic in nature.

- For instance, primary metal industries have a.strong potential for causing sewerage structural damage

because their batch dumps are highly acidic.. However confusion is possible due td the effects poor
construction, hydraulic' scour, and’ old age may have had on the condition of. the ‘outfall structure or
sewerage system :

Che-mical-Parameters» e

. Chemicéal',-tests are needed to supplement the.above described physical inspection parameters.

. Chemical tests are needed to quantify the approximate components of a-mixture at the outfall. In most
- -cases, -dry-weather discharges are made -up of :many.separate.source flows {e.g., potable water,

groundwaters, sanita’ry wastewater, and automobile washwaters}. Statistical analyses of the chemical .
test resuits can be used to estimate the relative magmtudes of the varigus flow sources (as described
in Section 6 of this Guide).

Specific Conductlvrty- .
Specific - conductivity : can be used as an indicator of dlssolved SO|IC|S Specific conductlwty

- _measurements can be conducted with relative ease in the field, while dlssolved SO||dS measurements
- must be made in a Iaboratory ce S

The Ilterature mdlcates that variation in specnﬁc conductivity measmements between water and
wastewater sources could be substantial enough to indicate the source of dry-weather flow in the
storm drainage system. Specific conductance was judged to be a reliable and quick field indicator of
general ouifall contamination in Toronto {GLA- 1983). Observed levels ranged from 25 to 100,000

. S/em (microSiemens per cm}. Specific conductivity levels less than 1000 yS/cm indicated significant
- levels of rainwater in the drainage. Specific conductivity can be measured qurckly, easily and cheaply
. For these reasons, it was selected as a parameter for further study

L}
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- prioritizing sanitary wastewater cross-connection drainage proble
_of improper sanitary wastewater cross-connections into storm dralnage and: reduced, nurnbers of storm

- Huron River: (Mlchrgan) study {Washtenaw Co. 1987 and 1988; .fMUI}

.- Fluoride--

Fluoride concentratlon should be a rellable mdlcator of potable water where fluoride levels in the
raw water supply are adjusted to consistent levels and where groundwater has low to non- measurable
natural fluoride levels. It is common practice for communities to add fluoride to municipal waters to

'|mprove dental health: Concentrations of total fluoride in ﬂuorlde treated potabie waters are usually
in the range of. 1.0 to- 2.5 mg/L. :

Fluonde measurements have often been used to dlstmgursh treated waters from natural waters.,

Durmg the Allen Creek drainage study {Schmidt and Spencer 1986), the fluoride concentrations of

dry-weather flows at outfalls were undetectable after most of the known improper connections to
storm .drains were eliminated. Very few of these improper connections were of sanitary wastewater

to the storm drainage. Apparently, most of the non-stormwater discharges were treated potable water.

Hardness--.-- . : :
Hardness may aiso be useful in drstmgunshmg between natural and. treated waters (Iike fluonde}
as well as between clean treated waters and-waters that have been subjected to domestlc use

The hardness of waters varies consnderably from place 10 p!ace, wrth groundwaters generally being
harder than surface waters. Natural sources of hardness are-limestones which are ‘dissolved by
percolating. rainwater made acrd by dissolved carbon:dioxide: information..regarding  the. average
hardness of potable water as well as local groundwater and- surface waters should be: readlly avallable

~ wherever a publlc water supplv system exists. S RIS

Ammoma!Ammomum-- : S

As part of the nitrogen cycle, ammonia is produced by the deca *
Ammonia may .then be broken down, forming nitrites and: n'
ammonia (NH3}, or ammonium ion {NH4 +), has been commony

f organic.nitrogen.compounds.
'he presence or -absence- of
ed .as ‘a chemical indicator for
Correlat:ons between elimination

drainage outfalls with ammonia present were noted in Fort Worth (F_a[kenbury 1987 and 1988; Moore
and Hoffpauir 1888). During studies in Toronto (GLA 1883}, more; "problem? storm drain outfalls had
high ammonia concentrations {>1 mg/L} than any other single. par;ameter € ’cept TKN. Durmg the

; mmonia 'rle'vels were
found to be greater:at all "problem” storm .drain outfalls than‘at.cg ( : However, the Allen
Creek. (Michigan)-Drainage study (Schmudt and Spencer 1986} repogrted hat W]th 92 percent of-the
improper non-stormwater entries to storm drains eliminated,. the tammom oncentratrons did not
change significantly {all were about 0.44 mg/l). However;: very few;of these cross—connectlon
eliminations were for sanitary wastewater. Ammonia should be. use%fu[ in:: |dent|fymg sanltary wastes
and distinguishing them from commercial water usage. - :

Potassium-- P :

Large increases of potassium concentrations have been noted for sanltary W 'stewater compared
to potable water during studies in California {(Evans 1968}, Vlrgm:a (Hypes, etal 19 5), and Brussels,
Belgium {Verbanck, et al. 1980). These potassium increases. follow ng domestlc wa, er usage suggest
its potential as a tracer parameter. S .

Surfactants and Fluorescence--

Surfactants are discharged from household and industrial Iaundenng and other cleanlng operations
In the United States, anionic surfactants are commonly used in. detergents and: account for

. apprOxrmately two thirds of the total surfactants used. Amomc surfactants arg. commonly measured

as Methylene Blue . Active Substances {(MBAS)..In raw sanitary wastewaters surfactants .generally
range from 1 to 20 mg/L, while natural waters usually have surfactant concentratrons befow 0.1 mg/L.
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Large concentrations of surfactants are found in sanitary wastewater, but some researchers
{Alhajjar, et al. 1989) have reported that they are not found in septic tank effluent. Surfactants can

- be totally degraded in the septic tanks. During the Allen Creek drainage study {Schmidt and Spencer

1986; Washtenaw County Drain Commissioner 1984; and Washtenaw County Statutory Drainage
Board 1987), surfactants (as MBAS) decreased significantly after most of the improper non-stormwater

entries to storm drains were eliminated. Surfactants can be used to identify samtary or laundry

wastewater cross-contamination in storm drainage systems. They may also be of use in  distinguishing
between infiltrating septic tank effluent and other washwaters from domestic or commermal cleaning
operatlons ,

et

_ , -
Water fluorescence is also an :ndlcator of detergent residue in waters, Most detergents contain

fabric whiteners which cause substantial f[uorescence Fluorescent indicators remain after sanitary

wastewater treatment in septic tanks. Fluorescence in -contrast to MBAS may be useful in.

distinguishing between sanitary: wastewater contamination and septic tank effluent.

The pH of most uncontaminated baseflows, as well as sanitary ’wastewater,, is usually quite close
to neutral {pH of 7). Therefore; Ph will probably not serve as an indicator of sanitary cross connections.
However, pH valugs may be extreme in certain inappropriate commercial and industrial flows or 'where
groundwaters contain-dissolved minerals. If unusual pH values are observed, then the drainage system
needs to be carefully evaluated. Very few of the stormwater outfalls tested during dry-weather in Fort
Worth (Falkenbury 1987 and 1988; Moore and Hoffpauir 1988} had pH values either below 6 or above
9. None of the Toronto (GLA 1983) "problem" outfalls were reported 10 have extrei'ne pH va[u'es.

Chemicals {acidic and alkaline) released into storm drains by chemlcally orlented lndustries are
frequently the cause of pH fluctuations whlch can range from 3 to 12,

Industries that commonly release low pH (acidic) dry-weather discharges include (but are not
limited to} textile mills, pharmaceutical manufacturers, metal finishers/fabricators, as well as companies
produc:ng resins, fertilizers and pesticides. Wastes contalmng sulfuric, hydrochloric, or nitric aCIdS are
common industrial sources of low pH discharges.

Many industrial wastes contain high pH (alkaline) chemicals such as cyanide, sodium sulfide, and

sodium hydroxide. High concentrations of these contaminants are found in discharges from soap -
- manufacturers, textile mifls, metal plating industries‘,_steel mills, and producers of rubber or plastic.

- Total Avallable Chlorine--

Chiaorine can be present in water as free available chlorine and as combined available chiorlne
(usually as chloramines). Both types can exist in the same water and be determined together as the
total available chlorine. Chlorine is not stable in water, especially in the presence of qrgamc

compounds. Tests of clean potable water during the demonstration project (Pitt and Lalor publication

pending) found that total available chlorine only decreased by about 25 percent in 24-hours duting an

aerated bench-scale test. However, the chlorine demand of contaminated water can be very largé, with

chlorine concentrations decreasing to very small values after short periods of time. Chlorine therefore
cannot be used to gquantify flow sources because of its instability, but the presence of chlorine in
baseflow waters {very unlikely) could indicate a significant and very close potable water flow source.

Other Chemicals Indicative of Manufacturing Industrial Activities—
Table 3. is a listing of various chemicals that may be associated with a variety of different

industrial activities. If the industrial activities in an outfall watershed are known, it may be possible to

examine the non-stormwater outfall flow for specific chemicals {e.g., listed in Table 3) to identify
which industrial activities may be responsible for the dry-weather flow. -

L}
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TABLE 2, SIGNIFICANT CHEMICALS IN INDUSTRIAL WASTEWATERS

.Chemical:

Acetic acid

- Alkalies

‘Ammonia
‘Arsenic

Chlorine
Chromium
Cadmium
Citric acid
Copper
Cyanides

Fats, oils

. Fluorides.

Formalin
Hydrocarbons
Hydrogen peroxide
Lead

N Mercaptans

Minerat acids

Nickel

Nitro compounds
Organic acids
Phenols

- Silver

Starch

- Sugars
- Sulfides .

Sulfites
Tannic acid
Tartaric acid
Zinc

Industry:

Acetate rayon, pickle and beetroot manufacture.

Cotton and straw kiering, cotton manufacture, mercenzmg,
wool scouring, and laundries. S
Gas, coke, and chemical manufacture.

- Sheep-dipping, and felt mongering. _
- Laundries, paper mills, and textile bleaching.

Plating, chrome tanning, and aluminum anodlzmg

~ Plating.

Soft drinks and citrus fruit processing-. _

_Piating, pickling, and rayon manufacture.

Plating, metal cleaning, case-hardening, and gas
manufacture. Y :
Woaol scouring, Iaundrles, textlles and oil reflnenes
Gas coke, and chemical manu:facture, fertilizer plants,

"transistor manufacture, metal reflmng, ceramic plants, and

glass etching. ‘ Ty
Manufacture of synthetic resins’ and pemcn![m
Petrochemical and rubber factories.: :

Textlle bleaching,-and rocket motor testmg

Battery manufacture, lead mlnmg, pamt manufacture and
gasoline manufacture. B
Qil refining, and pulp mills, . .
Chemical manufacture, mines; Fe- and Cu pic
textiles, photo- engravmg, and battery ma
Plating.

Explosives and chemlcal works _
Distilleries and fermentatlon_piap.t,s
Gas and coke manufacture,’ synthe
textiles, tanneries, tar, chemtcai -an
sheep-dipping.

Plating, -and photography o
Food, textile, and wallpaper manufact
Dairies, foods, sugar refining, and: ¢!
Textiles, tanneries, gas: manufacture
manufacture.

nufacture,
ufacture and

Tannmg, and. sawmills. ¥
Dyeing, wine, leather, and chemic .
Galvanizing, platlng, wscose manufac ubber
process. R

Source: Van der Leeden, et al. 1990.

[.hg;"brewing,
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Toxicity _Scre’ening Tests

In addition to the parameter's" described above, relative toxicity can be an important outfall
screening parameter. Short-term toxicity tests, such as the Microtox™ test (from Microbics) are
valuable for quickly and cheaply assessing the relative toxicity (to a selected test organism) of different
storm drain baséflows. These tests can be used to identify ‘oitfalls that contain flows in the most
serious (toxic) category and that require immediate investigation. These tests are also very useful in
identifying likely sources of toxicants to the drainage system by utilizing a toxicity reduction evaluation
{TRE) procedure in the drainage system.-If an outfall contains a highly toxic flow, then specific_ metallic

and arganic toxicants can be analyzed to support source identification.

TRACER CHARACTERISTICS OF SOURCE FLOWS,

RS

Table 4 summarizes.the relative concentrations of tracer parameters in source flows. The unique
"fingerprints” of each flow categary. shown can be used to identify the flow components, as shown
in Section 6. This table also_contains redundancies, {e.g:, potassium and ammonia) -to help identify
sanitary, wastewater and septic tank effiuent. Fluoride and hardriess are similarly used:to’ identify
treated potable water and surfactant (MBAS) and flucrescent meastréments are used to identify

Table G is a _sfumm_ary of the tracer parameter. con@:eht:@tiohs found in .Birmingbam . Alabama, from

Aprif 1991 to September 1992; This table is a summary of the “library™ that.describes the tracer

conditions for each potential source category. The important information shown on this tablé includes
the median and. coefficient of variation {COV) values' for each.tracer parameter for.each source
category. The COV is'the ratio of the standard deviation to the mean. A low COV value indicates a
smaller spread of data: compared to a data set having alarge COV value. It is.apparen-t‘tHatﬂsome of
the abstracted and generalized relationships shown on Table 4 did not-exist during the demonstration
project. ‘This stresses the need: for obtaining local data describing likely:source flows.

The fludrescence values shown on Table 5 are direct measurements from the Turner™ (Model
111} fluorometer having general purpose filters and lamps and at the least sensitive setting (number
1 aperture). The toxicity screening test results are expressed as the toxicity response noted after 25
minutes- of exposure. The Microtox™ unit measures the light dutput from phosphorescent algae. The
|5 value.is the percentage light output decrease abserved after 25 minutes of exposure to the sample.
If an outfall sample has a very high:light reduction value, it is typically subjected to additional organic
and metallic toxicant tests: Fresh potable water has a relatively high fesponse because of the chlorine
levels present. Aged, or dechlorinated, potable water has ‘much-smalter toxicity: responses.

Appropriate tracers are characterized by having significantly different concentrations in fiow
source categories requiring identification. In addition, effective tracers also need low COV values within
each flow category. Table 4 indicates the expected changes in concentrations per category and Table
5 indicates how these expectations compared with the results of an extensive Jocal sampling effort.
The study indicated that the COV values were quite low for each category, with the exception of
chlorine, which had much greater COV values. The high chlorine COV values reinforce what was
previously indicated (under Total Available Chlorine), that chlorine is not recommended as a
quantitative tracer to estimate the flow components. Similar data must be collected in each community
where these procedurés are to be used. The following subsection discusses how the number of

samples needed per category can be estimated.
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TABLE 5. TRACER CONCENTRATION FOUND IN BIRMINGHAM, ALABAMA WATERS
{MEAN, STANDARD DEVIATION AND COEFFICIENT OF VARIATION, COV}

Spnng Treated Laundry Sanitary Septtc Car ,' Radiator
Water | Potable | Waste- | Waste- | Tank | Wash- | Flush
: Wate_r water, | water | Effi. | water | Water ‘ :
Fluorescence ‘ !
{% scale) | |‘
Potassium |
(mg/L) .
Ammonia 0009 [0028 |08 - |10 ~ |90 o024 [o0.03 |
{mg/L) : 0.016 | 0. 006 .1 0.12 3.3 - |40 0.066- }0.01 i
| {17 ]o023. |o014 |03z [o044 |028 |03 |
L - — " |
Fluoride 0.031 0.97 33 0.77 099 |12 “{ 150 1
{mg/L) 0.027 | 0014 |13 o047 033 |24 24 N
' _ 0.87 0.02 0.38 0.23 0.33 | 0.20 ' 0.16 . ‘
Toxicity <5 - | a7 99.9 | 43 99.9 | 99.9 |99.9 |
{% light n/a 120 <1 26 <1 <1 <1
decrease n/a 0.44 n/a 0.59 n/a n/a n/a
after 25 min., o
|2’5)
Surfactants <05 | <0.5 27 1.5 3.1 49 15 -
(mg/L as nfa n/a 186.7 1 1.2 4.8 5.1 1.6
MBAS) n/a nfa- - 0.25 0.82 1.b .11 0.11
Hardness 240 | 49 14 140 235 | 160 | 50
(mg/L} 7.8 1.4 8.0 15 150 9.2 1.5
' 0.03 0.03 0.57 0.1 1 0.64 0.06 0.03
pH 7.0 6.9 9.1 7.1 6.8 6.7 7.0
(pH units) 0.05 0.29 0.35 0.13 0.34 0.22 0.39
0.01 [ 0.04 0.04 1 0.02 0.05 0.03 0.06
Color <1 | <1 47 38 59 220 | 3000
(color units) n/a n/a 12 21 25b 78 44 R
n/a nfa 0.27 0.55 0.41 0.35 0.02 1
Chlorine 0.003 | 0.88 0.40 | 0014 |0.013 | 0.070 | 0.03
{mag/L} 0.00b5 | 0.60 0.10 0.020 0.013 0.080_ | 0.016 :
1.6 0.68 0.26 1.4 1.0 1.1 0.52
Spec. 300 110 - 560 | 420 430 | 485 | 3300
Conduct. 12 1.1 120 55 311 29 700
{#S/cm) 0.04 0.01 0.21 0.13 0.72 | 0.06 0.22
Number of 10 10 |10 36 9 |10 10
Samples C o ' '
27 i'i‘.
I




Determining Number of Observations Needed

It is very important to determine the number of observations needed for each tracer parameter for
each source category in order to build a useful data library for analyzing the outfall data. This
determination is & function of the tolerable error level in the data means and the standard deviations.

The following paragraphs briefiy describe a method that can .be used to estimate the sampling effort

needed to develop a useful library of source characteristic data.

Estimating Errors--

One equation that can be used to calculate the number of analyses needed, based on the

allowable error is {Cochran 1963}:

Nurnber of samples = 4{standard deviation)zlfailowable error)?.

4

'With a 95 percent level of confidence, this reiationship determines the number. of sarnples needed to:

obtain a value within the range of the sample mean, plus and minus the error. Similarly, thrs equation

can be used to predict. the 95 percent confidence interval, based on the measured (or estrmated)‘
‘standard dewatlon and number of samples obtanned '

Error = 2(standard deviation)/(number of samples)®®

‘where the confidence interval is the mean plus and minus the calculated error value.

.Example of Logm Transformation--

These equations assume a normal d:stnbut:on of the data. However most water quality data
needs to be log,, transformed before a normal d:stnbutlon is obtained. ‘As an example, consider a tracer
having a COV of 0.23 and a median value of 0.14. The resultlng log,, transformed standard deviation
would be about 0.12. For ten samples, the resultung 95 percent confldence range of the medran
observatlon (0 14 mg/L) is: - : _ ‘ £

P

Error. = 2/0. 12)/(10)0-5 - 05076 in log,, space

-The confidence mtervai is therefo’re logw(O 14) +/- 0.076, which is -O 778 t0 =0.930 in log10 space

‘This results ina corwent[onal 95 percent confidence range of 10 930 (=0.12)10 10°77% (= 0.17). The
_error in the estlmate of the medlan value is therefore between 14 and 21 % .for ten samples. If the
original untransformed data were used the error associated with;: 10 samples is 15%, within the range.
of the estlmate after log transformatlons These results are close because ofthelow COV value (O 23).

If the COV value is: Iarge the need for log transformations i 1ncreases Figure 3 {Pitt 1979) shows the
approximate sample size neededto obtain dszerent aliowable errors for dlfferent cov values (usnng
nontransformed data) § :

)

The COV value in the above example {0.23) was close to the medlan COV value for all of the'
source categories and tracer’ parameters shown on Table 5. Therefore, about 10 sampies per source

flow category should general[y résult in less than a 25 percent error for the medran values obtalned

_ As shown in a Iater sectlon}, narrow confidence intervals are needed in, order to estlmate the
relative mixes of the non-stormwater sources as measured at the outfail Therefore much care needs
to be taken in order to estimate!the charactenstlcs of the potentsal non-stormwater flow sources
especially’ the cov. values and medlans

*
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Understanding the mechanisms affecting the non-stormwater sources {e.g., time of day, season,
area of town, type and magnitude of land use activities, etc.} and obtaining a relatively large data base
library for the source flow tracer concentrations is very |mportant and should be a significant portion
of a dry-weather flow source identification project.

SELECTION OF ANALYTICAL METHODS

The selection of the analytical procedure to be used is dependent ona number of factors, mcludlng
(in order of importance) : :

L appropriate detection limits.

. ®.freedom from interferences :
¢ good analytical precision {repeatability}):
® low cost and good durability
@ minimal operator training required . -

The following sub-sections discuss these requirements and present the recommended analytncal
procedures: Tracer characteristics .in potential local source flows:affect most of these requrrements
Therefore, the suggested analytlcal procedures may not be the most cost-effective for alI areas.

Detect:on L|m|t Regusrement s ' .

in order to ldentrfy potentlarnon stormwater sources, it is necessary to have a basic knowledge
about each potential source fiow. As.shown earlier, a significant sampling and analysis effort is needed
to develop a library of source flow Aracer concentrations, The COVs and means of the tracer
concentratrons are needed to estlmate ‘the detectron limits requnred by the analytical procedures
: There: are a number of dlfferent types: of detection Irmlts defined for Iaboratory use. Most
instrument. manufactures present a-minimum readable value as the instrument detection limit. {IDL) in
their specifications for.simple test kits. The usual definition of IDL, however, is a concentration that

produces a signal to noise ratio of five: The method detection limit {MDL} is-a more conservative value

andis establrshed for the complete preparation and analysis procedure. The practical quantrflcatlon limit
(PQL) is higher yet and is defined as a routinely achievable detection limit with a relatively good
certamty that any reported value is reliable. Standard Methods {APHA; et al. 1989} estimates that the

rélationship between these detection limits is approximately: IDL: MDL: PQL = 1:4:20. Therefore, the
detection limit shown in-much of the man *acturer s literature is much Iess than what would be used"ﬁ’

by most analytlcal laboratones

Because of the screening nature of the gutfall fleld surveys, the instrument detection capabilities

are appropriate for the methodology described in this Users’ Guide. The larger uncontroliable errors

associated with obtaining representative outfall samples and in .the variations of the tracer
concentrations in the potential source flows would tend to diminish- the significance of errors

associated with reading concentration values from the instrument that are lower than the PQL.

A quick (and conservative} estimate of the needed detection limit can be made by only knowing
the median concentration and the concentration .variation of the tracer in the least contaminated
component flow. Any amount of another component having a greater tracer concentration will increase
the tracer concentration of the mixture. By ignoring this. increase, minimum detection limits can be
estimated based on the numerous probability calculations presented in the background demonstratlon
project report (Pitt and Lalor publication pending):

+
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COV value: - Multiplier for detection:limit:-
<0.5 llow) - 0.8 |
0.5 to 1.25 {medium) -~ 0.23

>1.25 (high}. - 0.12

As an examp}lé, if the baseflow tracer has a low COV (<0.5), then the estimated required detection”

limit'is about 0.8 times the median tracer concentration.
More than 80 percent of the library-categories {source flows and tracers) examined in Birmingham,

.Alabama during the demonstration of these procedures (shown on Table 5) had low COV values. About
‘15 percent had medium COV values, and about % percent had high COV values. Free available chiorine
‘had medium-or high COV. values for almost all source categories, This is a major reason why chlorine:
is not used quantitatively to identify source flow components in.outfall sampies. Chiorine:is used in a
‘similar manner as an aesthetic parameter {e.g., turbidity or odor). If-high' chlorine concentrations are.

found at the outfall (greater than about 0.5 mg/L}, then a major treated potable water leak is likely
associated with the dry-weather flow. - SR T S

“Table 6 lists the detection limit requirements for the tracer parameter-concentrations found during
‘the Birmingham, Alabama, demonstration. project. The fecommended analytical methods satisfy most’
‘of the required detection limits, except for:ammonia and surfactants in spring water and surfactants
fin potable water. The spring water ammonia concentrations were about equal to the detection limit,

but because the variation in the ammonia c_oncentratioﬁé were $o-large, a much lower detection limit

~would be preferable.

" Figures 4 through 7 are probability plots showing the required analytical detection limits '_for_ -
mixtures of twa source area flows both having .Iow'CO\'I values _'(éimi}ar to the majority of expected
conditions). Pitt and Lalor (publication pending) present similar plots for all possible combinations: of

COV values. These figures show four curves corresponding to four-mixtures. PER100 is for a 100
percent solution of the flow having the higher tracer concentration, PERBO is for a solution having 50
percent each of two components, PER15 is for a solution of 15 percent of the component having the
higher tracer concentration and 85 percent of the component hav_i'ng:,the lower tracer concentration,

while PERO is a solution only made of the companent having the lower tracer concentration. Figure 4
is for two components. that have mean concentrations differing by 1 33'times, Figure B is for a mixture
~where the component mean concentrations differ by five times, Figure 6 is for two components with

mean concentrations differing by 20 times, and Figure 7 is for two components with mean

concentrations differing by 75 times. Each figure shows the detection limits, relative 1o the lower base ~ -
“concentrations, for different probability of detection values. The detection limits required-are reduced

‘significantly as.the means of the tracer components differ by greater amounts, especially for fow
probabilities of detection. ‘ R .-

For example, if the two tracer mean concentrations vary by about five times {e.g., treated potable .
-water and sanitary wastewater potassium concentrations from Table b) and a mixture of-15 percent
sanitary wastewater and 85 percent potable water needs to be identified with a 90 percent probability
. of detection, the required detection limit would be about: -

. 1.4'[fac'tor- from Fig.5] x 1.6maf [hotasSi'um‘i'n treated 'potab.le-' water Table 5‘]: = 2,2 mg/L

A

The more conservative approach stated above would result in a minimum detection limit of.

0.8 [factor for COV < 0.5]1 x 1.6mg/l = 1.2 mgiL.
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'TAéLE 6. DETECTION LIMIT REQUIREMENTS FOR TRACER CONCENTRATIONS FOUND IN

 'BIRMINGHAM, ALABAMA WATERS

— .
Tracer Parameter Median Conc. {mg/L) of Least |- Required Available
and Contaminated Detection Limit Detection
Units . Sources:‘median {COV) R limit™ _
i Fluorescence Potable water: 4.6 {(0.08) - | 3.7 1Tetr
% of full scale 1 Spring water: 6.8 (0.43) 1 5.4 a ‘
: P;otaés_iurh |--Spring water: 0.73-{0:10) - 0.‘5_8 _ .'_0'.0-1 T
mg/l - |- Potable water: 1.6 (0.04) 1.3 ' o
Ammonia Spring water: 0.01 {1.7). 0.001 0.01
_mg/L Potable and Radiator water: - | 0.024 S
. | 0.03 (0.23) B
' Fluoride | Spring water: 0.031 (0.87) | 0.01 | 0.01
mg/L Sanitary wastewater: 0.77 0.62 R
{0.23}
Surfactants ' Spring'and p,ot'abl_.e. v‘vat_er:: <1 |-
mg/L. as MBAS Sanitary wastewater: 1.5 0.35
E . (0.82) - -
1F . ." _. ) ‘_ " .' g - .
Hardness Laundry water: 14 (0.57) |32 ' lI
mg/L as CaCO, | Potable and radiator water: 39
' S 49 {0.03) * e
|| Color | Spring and potable water; <1 S
. HACH™ color | Sanitary wastewater: 38 8.7
units (0.55) o
_Specific Potable water: 110 {0.01) 88 10 t
Conductivity Spring water: 300 (0.04) . 240 . i
uSicm ; o N

{1} From anlaytical methods discussed under: "Recommended Analytical Methodology™.
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Figure 6. Required detection limits for low COV mixture
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below, for 90 percent confidence levels and low COV values, are percentages of source flow in the
baséflow and the corresponding minimum concentration ratios {source to clean baseflow tracer
concentrations} required for the detection of the source flow contamination of the basefiow.

. Percent of Source Flow ; Required concentration ratios
Contamination in Baseflow: _ {low COV values):
1% 50
" b% . T
10% _ ' : 7
25% 3
35% _ 1.5
50% . 1.2

As an example, the median tracer concentration in the contaminating source flow must be about
10 times greater than the median tracer concentration in the cleaner haseflow to detect a five percent
source flow contamination of the baseflow. If the tracer COV values are "medium” or "high”, then the
required concentration differences are much greater {up to 250 times difference in concentrations may

be required). :

Therefore, the differences in tracer concentrations must be quite farge, and the COVs quite small,
in order to have confident estimates of low levels {percentages) of contaminating source flows. Few

tracers may not uniformly produce good estimates of contaminating source flow levels, but the use
of redundant tracers for the same decision (e.g., ammonia and potassium to identify sanitary
wastewater; fiuorides and hardness to identify treated potable water; and surfactants and fluorescence
to identify wash waters) and good estimates of local contaminant characteristics, will minimize these
errors,

The actual minimum level of contaminating source flow that will be detectable will be dependent
on the analytical precision, as discussed next.

Required Sample Analytical Precision

The repeatability of the analytical method is an important consideration in its selection. Precision,

 as defined in Standard Methods {APHA, et al. 1889), is a measure of the closeness with which multiple

35




: . uu:uv_.Eou Ewuhon .ﬁo:_: um _ T _
:o;m:_Echo Euo..oa auo v.o :o;owwuv ._Er E._uou: :aa_uoa n_m>_m:¢ '] Esm_..._ .
611Dy UONDIUBIUOY 85D O} JUDUILLIDILOY = ©
00l R oL .
B e e > 1000
_ -
5
()]
O,
w,
9
foloo -
-y
(D
ol
D
0.
-
tool'o
’ 'O
-0
3
el
[ O
L .m w
000" ‘

36




If the available analytical precision is worse than these required values, then small contaminating
flow levels may not be detected. Therefore, even with adequate analytlcal detection limits, poor
analytical precision may not allow adequate identification of low levels of contaminating flow. In many
cases, it is expected that a contaminating flow level of just a few percent can cause significant toxic
and pathogenic problems. Examples include gasoline. spnlls, direct connections of raw sanitary
wastewater, and metal platmg bath wastewaters. . : .

If the tracer concentratlons of the flow components are close in value and the variation of the
concentrations are high, ‘then it will be very difficult to adequately discern flow components,. In
contrast, if the tracer concentrations of the, flow components are W|dely different and have low
variabilities, then much smaller levels of contaminating flows could be ‘detected. As an exampile, if the
median contaminant tracer concentrations differ by a factor of 10 in two flow components, but have
high. concentration variations (high COV values), a precision of between Q. 015 to 0.03 of the lower
baseflow median. tracer .concentration is needed, for.each percent. -of contaminating. flow that needs
to be detected. If the med:an tracer concentratlon in_the. cleaner baseflow is 0.15 mg/L {wrth a
corresponding tracer median concentration of 10 times thig amount -of 1.5'mg/L;in the contammat:ng
source flow), then the. requ:red anaiytlcal precision is ‘about-0.015 x 0. 15 0 002 mg/L to 0.03 x
0.15 = 0.005 ‘mg/L per one percent of contaminating flow to, be detected.. If at least five percent of

contaminating flow i IS needed to be detected,. then the mlnlmum precision would have to be 5 x 0. 002
= 0.01 mg/L/

The conservatwe method noted prewously can ; be used :10 estimate the. detection limit
requurements for the above example : :

Iow COV in the cleaner baseflow 0 8 x 0 15 mg/L 0.12 ‘rn/_i;'
medlum COV in the cleaner baseflow: 0.23 x 0.15 mg/l. = 0.035 mg/t
hlgh COV in the cleaner baseflow 0.12 x0.15 mg/L = 0. 018 mg/L

The requnred analytlcal preC|S|on would therefore be about one-half of the lowest detection hmlt
needed and about 1/12 of the largest estimated required detection limit.

Recommended Analytrcal Methodology

An important part of the deve[opment of ‘these investigation procedures and the demonstratlon
project (Pitt and Lalor pubhcatlon pending) was the laboratory and field testing of alternative analytical
methods. Dry-weather outfall samples were subjected -to. different. tests which compared several
analytical methods for each of the major tracer parameters of interest. Tests were conducted to enable
comparison of the results of alternative tests with standard procedures and to identify which methods
had suitable detection limits, based on real samples. In addition, representative samples were further
examined using standard addition methods {(known amounts of standards added to the sample and
resuits compared to- unaltered samples) in order to identify matrix interferences. Matrix interferences
are generally ¢aused by -contaminants in the samples intérfering with the analysis of interest; Many of
the analysis methods were ‘also tested against a series of standard solutions to identify analytical
precision (repeatabsllty), linearity, and detection limits. The following paragraphs (and Table 7)
summarize the recornmended analytical procedures. = |

Most of the recommended analyses are conducted using small "fleld—type" instruments. However
despite their portability, the use of these instruments in the field can introduce many errors.
Temperature and specific conductivity are the only analyses that are recommended for field analyses.
For the other analyses, samples are collected at the site, iced, and taken back to the laboratory for
analyses. The recommended analytical procedures can be easily conducted in a temporary laboratory;
all that i is needed is a work space and adequate ventilation. Access to power and water would be
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_ TABLE 7.. SAMPLE ANALYSES LAB SHEET

P gecmc conductlwﬂ YSITM SCT meter (fleld}

'Temgeramre YSFM SCT meter (freld)

Ammonla Direct Nesslenzatlon (Iab)

- Color HACH™ color kit {lab}:_

“Hardness HACHT"" field titration: kl‘t {Iab)

Surfactants HACH™ detergent field kit (lab)

' Turbldity HACHTM Nephelometer (Iab}
Chlor:ne HACH DR/ZOOOT""' spect w:th l—‘«ccuVacsTM (iab) |

'Toxmlty MlCI’OtOXTM 100% sampie screen {Iab)

Sample number:

. Date___ . -

I Locatio'n-'

. 'Outfall #:_

H pH meter (Iab)

Fluoride HACH E)RI2000TM spect w:th AccuVac:sTM {Iab)

Fluorescence Turner™ fluorometer (lab)

Potassium HACH DR/2000™ spect. (lah)
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. care )

helpful, but all of the equipment can be operated with batteries. At each outfall, a (2 L) sample of

dry-weather discharge needs to-becollected and stored in a polyethylene container.. Another {500 mL)
sample can-also be collected. in.a glass. container_having a Teflon-lined. lid for. toxicity screening and
selected toxicant analvses All samples must be analyzed (or extracted) w1th|n accepted tlme |lmltS.

Descrlptrons of the procedures and parameters recommended for the analysls and ldentlflcatlon
of- dry-weather outfall samples arer o e

Water color--

- Determine in the laboratory using a simple comparatlve colormetric {color wheel} field test kit from
the HACH Com_panv __Apparent color {unfiltered samples) -expressedin HACH color units.
pH___ . . . , T .
pH is: measured in'the. laboratory usmg a standard iaboratory pH meter after accurate callbratlon
usmg at Ieast two buffer so[utlons bracketmg the expected sample pH value. {pH measurements usmg
pH test paper have been found to be generally wrthm one unit of the laboratory meter. However, this
dlﬁerence is too Iarge and.is not recommended Small "pen pH meters most su:table for field use: can
easily: be otf by a O 5 pH unit. and are reTatlvely hard to callbrate They accordmgly must be. used wnth

Specnﬁc conductwrty artd temperature-— LA : : : ‘

" These parameters are quickly’ and easrly measured in the fleld usmg a multi-parameter SCT meter
from. YSI.model 33. Both specific conductwrty and temperature must be calibrated against standard
specn‘nc conductwlty so[utlons and a standard thermometer -Spécific conductawty should also be
corrected to standard values obtamed at; 25°C (APHA et al; 1989)

K= lK C)f[1 +0 0191(’(—25}1

where K speclfrc conduct:vsty at 25°C

; K meesured specrflc conductwrty at temperature t°C

and . C = cell constant '

N

The cell constant is a correctlon factor determmed by measuring a 0. 01M- KCi SO|UthI"I at 25°C, after

‘thrée rinses, compared to 1413 uS/cm, the expected value. This equation results in about a 2%

change in specific conductiwty for every degree in temperature difference from 25°C. The International

System of Units (Systéme International d" Unités, Sl) specific conductivity unit. of measurement is the

uSfem which is numenca!ly equwalent to the U S. Customary unit, ymhos/cm

_Fluorlde--

Easily ‘analyzed in the Iaboratory uslng a field spectrophotometer and evacuated reagent and
sample vessels (HACH DR/2000™ and AccuVac™ ampules using SPADNS. reagent, without
distiliation). The Accu\l’acTM procedure works ‘well for sample concentrations tess than 2.5 mg/L;
however, in rare mstances of higher concentrations, sample dilution is required because of non-linear
instrument responses ~The samples. should -be- filtered through a. 0.45 y membrane filter: (e. g.;
I\lhlllporeTM filter}: before "analysis' to ‘minimize color mterference {Specific-ion probes were ‘also

evaluated, but the technlque proved 10 be too mcons:stent especially for personnel havmg Ilttle
tra:nmg }

39




Ammonia-- : :

Easily measured in the laboratory using -a direct Nesslerization procedure and spectrophotometer
{HACH DR/2000™ Nessler method, but without sample distillation). The samples should be filtered
through a 0.45 y membrane filter before analysis to minimize color interference. (The use of various
indicator test papers and simple field test kits for ammonia determination gave poor results.
Specific-ion probes were also tested. Typical problems.encountered for these procedures, {except for
the direct Nesslerization procedure}, were color interferences, long analysis times, inconsistent results,
and poor performance when standard solutlons were analyzed } L
Potassium-- : : : '

‘Measuredin the laboratory either usmg a spectrophotometer (HACH DR!ZOOOTM Tetraphenylborate
method), or a flame atomic absorption spectrophotometer {if available). The samples should be filtéred
through a 0.45 4 membrane filter before spectrophotometnc analysus to minimize color interference.

(Spec:flc -ion probes were also evaluated and mdicated the same poor resuits found for ﬂuondes and._‘

ammoma )

R

Surfactants—- _ : - R
Measured in the Iaboratory using a smple comparatlve colormetnc (

minimize color interference. This procedure should be carried. out. under a. Iaboratory fume hood.
(Specn‘lc-lon probe titrations for surfactants were not successful beca of ooor detectlon llmlts )

Fluorescence-- : ' ;
Analyzed using-a Iaboratory fluorometer (Turner model 1 1 H Th "fluo-
fllters and lamps and’ was operated at the most sensitive setting (numbe Ql

Hardness--

Determined in the Iaboratpry using a fleld-tltnmetnc kit (HACH Dlg tal Tltrator Model 16900) The '

samples should be filtered through a 0.45 .y membrane filter: bef
interference. (A number of simple field test kits were tested but the
proved most convenient and accurate. However, hardness test pape
tltratron end point.)

alysis -to:minimize_color

t Y

Turbrdlty--
Determlned usmg a HACH Nephelometer in the laboratory.

Chlonne--

uslng a HACH DR/2000™ spectrometer with AccuVac™ ampules.

Toxicity-screening--

Toxicity screening tests have been found to be very useful as !ndlcators of contammatlon of storm

drains. The Microtox™ (from Microbics} toxicity screening test can be used for relative toxicity values.
The 100 percent screening test was most commonly used. If the light ‘output decrease after 25
minutes {the I,; value) was greater than 50 percent, then the standard Microtox test was used to
determine the sample dilution required for a 50 percent light decrease: lthe EC50 value). If a sample
results in a large toxic response, then specific toxicant-analyses (orgamcs and metals) could be
performed to better identify the toxicant source. In general, the Microtox ™, .screening test was found
to be an efficient method for toxicity analysis, particularly for 1dent|fy|ng samples requiring further
analyses. {A number of simple test kits were used for specific heavy metal.analyses, but with very poor

results. High-detection limits and interferences make these methods impractical, unless an outfall is

grossly contaminated with a concentrated source, such as raw plating bath ‘wastewater.}
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SECTION'5

INITIAL FIELD SCREENING SAMPLING ACTIVITIES

SAMPLING STRATEGY

. The lmportance of sampling all outfalls regardless of size, should be stressed. Flgure 9 shows the.
distribution of outfalls for the Bnrmingham, Alabama area surveyed for the city’s stormwater d:scharge 3
permit application. The median equivalent diameter of the 566 outfalls that had drainage area estimates -
available was 36 in. About 20 percent of the outfalls were greater than 60 in. in diameter and about.
20 percent were less than 20 in. in dlameter Most of the largest outfalls were actually dramage
ditches. There was an average of about’ 70 acres drammg to each outfall but the dralnage areas
_ranged from much less than one acre to over 1500 acres. About 40 percent .of the outfalls were
affected by elther commercial or industrial land uses and wouild therefore be conmdered as crltaca!
drainage’ areas for both dry-weather flows and stormwater runoff. |

The Birmingham, Alabama demonstratlon project that tested this protocol covered a re5|dentla|
and commercial dramage area havmg approx. 70 outfalls The medlan outfall size of the outfalls in this
study area was 16 in,, and more than 75 percent of the outfalls were less than ‘36 in. in daameter '
Examination of the outfalls during seven separate samplmg occasions found that while some of the .
dry-weather ﬂows occurred mtermlttently, most were continuous. About 25 percent of the outfalls
were found to. be consnstently ﬂowung durlng dry weather, with about two-thirds of ‘the flows
d:scharglng from pipwthat were less than 36 ‘in. in diameter. About five percent of the outfalls'
exhibited dry-weather flows which were extremely toxic or were raw, undiluted, sanltary wastewater.
Each of these cohtamlnated outfalls were 20 in., or less, in diameter. Some of the ‘worst dry- weather
flow discharge problems were assoclated with very small {4 in. dlameterl pipes dramlng automobile
service areas adjacent to the receiving water. 1t was found that small outfalls can contribute significant :
pollutant loads to recew:ng waters and should not be neglected If recervmg water mprovement isa
senous goal.

FIELD DATA COLLECTION

‘ Before the field data can be collected prellmrnary mapping and land use evaluatlon work is
rieeded. Section 3 described the preliminary work and the likely data sources for the information that

is needed before the field lnvestlgatlons ¢an begin. The most 1mportant preliminary mformatlon required
is:

& outfall locations,
& outfall dramage areas

"~ ® commercial and industrial activities- in each draunage area, and
L locatlons of septic tanks in the individual drainage areas.
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Qutfall Locations

Frequently, city maps of known outfall locations are inadequate. Many outfalls are not located on

city drainage maps because of infrequent or improper updating, or unauthorized installations. Because

- it is very difficult for communities to maintain up-to-date maps of drainage facilities, actual stream

‘ surveys are needed to verify and update existing information. lllicit outfalls WI|| not usually be shown

- on maps, and field surveys will be required to detect these as well. Most newer developments do have

accurate drainage and outfall maps, but the outfall locations may not have been transferred to an

overall city map. A few cities have Geographic Information Systems (GIS) in place and are including

the storm drainage systems on appropriate data overlays. Itis importart to identify all outfalis because

- present data indicates no relationship between the. most significant sources of non-stormwater
discharges and the 'Iargest drainage areas, or tﬁ_'é largest diameter outfalls.

Because of the |lkellh00d of poor data concernlng the outfal! Iocatlons, it will probably be

necessary to "walk” the creeks and actively logk for outfails In most cases, it requires several trips

- {about three) to locate all outfalls. The initial outfall survevs should be conducted during times when

riparian vegetation is minimal. Whenever an outfail is Iocated it needs to be marked (coded using spray
paint or by other ‘means)..

_ If the receiving water is'a small creek, it can be waded in a downstream direction. If the receiving
* water body cannot be waded, a small boat or canoe can be used to jook for outfalls above the water.
. Submerged outfalls are more difficult to find and require more careful inspections for storm drain

~ manholes along the shore. In fiood or estuary tidal areas, surveys should be conducted during low tides
‘when more outfalls are likely to be exposed. In many cities, streets parallel the banks of creeks or
drainage canals that contain outfalls. It may be possible to carefully search the opposite bank from a
* moving automobile.’ [t may also be cost- -effective to use light aircraft {including helicopters) to search
for outfalls. Submerged outfalls could be easier to |dent|fy from the air than from the water in cases
where d:scharge plumes are visible, '

Obviously, outfa!l characterizations should be conducted during these surveys, if possible. In aII
cases, at least two people are needed to look for outfalls, especnally if wading a creek. Another person
can dnve a shuttie car 1o a convenlent downstream locatlon for crew rotatlon

Field Survex

o 'Thef main elements of the field sampling plan are the collection of necessary information and
eqUipment, and preliminary screening of outfalls.

Cci[lect neceesary information and equipment--

Maps --Maps are the most important part of the field eqmpment Adequate field maps can be
: prepared by enlarging standard USGS 7-1/2 minute. quadrangle maps to appropnate scales. In addition,
detalled street maps are also needed to locate specific street crossings and to identify locations of
outfalls in the field..

. Field sampling and analysis eguipment--Table 8 lists the equipment that is needed for a fieid
su:_rvey. In no case should personnel conduct the field surveys alone, wade streams without wearing
W§ders, or be in boats without wearing life preservers. Heavy duty waders (heavy Cordura™ nylon)
.are preferred. Urban streams contain appreciable debris {broken bottles, etc.). In addition, urban
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TABLE 8. FIELD EQUIPMENT LIST

Spray paint.

Temperature and ‘specific ‘condﬁctivity meter.

Field notebook containing maps and non-stormwater flow evaluation field sheets. .

' Waterproof marker/pen. . -

Camera and filmi.

Tape measures (both 3m and,..3.0r;1)._ g

Flashlight.

Watch (with second handq).

Glass sample cpnt_ai'n_ers with waterproof labels (500 mL). .
E’lastic _sa'mp.le containers with waterproof Iabelé (1to2L.).
loe boxes with ice (sft in vehicle). -

Backpack.’ |

Grab water sampler (dipper on long pole).

Hand ope?atéd vacuum. pumﬁsampler for shallow flows.
Waders and walking stick. |
First aid kit and pocket knife,
Self pro’;e_ction pepper spray.

, : . : & .
Two-wa? radios for communication between field crew and van driver,

Hand held GPS {(global positidﬁing satellite} system receiver {only capable of locating |

positions within about 100 to 350 feet).
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streams are isolated wildlife areas which tend to concentrate certain wildlife species that live in close
proximity to man lincluding cottonmouths, water moccasins, copperheads, and rattlesnakes), plus
contain lush growths of poison ivy or oak. The self protectron pepper spray may be especially handy
|n case of harassrng dogs

ThIS equrpment would supplement needed boatmg equapment if boats are used. Some of this
eguipment (ice coolers and ice, along with extra bottles) would be kept in the vehicie. In most cases,
the vehicle should be moved in about 1/2 mrle increments. This length would typically contain up to
ten outfalls, wrth\relatwely few flowing outfalls to sample: The collected samples would therefore be

- iced ‘within dbout 1/2 hour of collection. It is possible that the vehicle driver could conduct critical
" analyses {chlorine, pH and ammonia} while waiting. It is suggested that a three person crew rotate,
‘with'a new dnver at each new shuttle Iocatron . .

Arrange for lab testing and other support egurgment—-Before the field crew goes into the field to
collect samples, the laboratory: needs to be notified and ready to analyze the samples soon after they
are available. As shown in-the next section, the laboratory testing procedures for the basic tracer
parameters are all simple and can be conducted in an unsophlstacated laboratory. it may be feasible
for the field crew to conduct the sample analyses in the afternoon of the day when they are collected.

Pr'eliMlnary screening of outfalls--— ~+ I

" Location ‘of outfalis--Outfall locations need to be transferred to field maps and the daily activities
planned The number of outfalls that can be visited and samp[ed in a single day is hlghly dependent
ori-outfall accessibility and 'mobility along the receiving ‘water. The initial survey requires the longest
~ time, after which repeated surveys reguire much fess'effort. In a small creek having shallow and slow
water with numerous road crossmgs, about three miles-of creek can’be walked {with about 40 outfalls
vrsﬁed and ten outfall samples obtalned) in a half-day of field activity with a crew of three people.
Most other condltrons would require addltional labor for the same sampling effort. In all cases, careful
planning, especially havmg an idea of where the uutfalls are Iocated would greatly reduce the labor
mvolved o

) ' Schedulmq field surveys--It is important to schedule the field surveys during Iow water Ievels

(dunng low tides or low flows) because outfalls could be submerged and concealed during high water
condltlons it is also best not to conduct the freld surveys dunng penods of high flow in the recewmg
waters because of safety concerns.

‘f Field surveys which are timed (diurnally, or seasonally} to coincide with periods with a greater
potential for non-stormwater entries, are likely to reveal more dry-weather discharges. As examples,
morning periods {or in areas of tourism, during the tourist season} usually experience the greatest
sanitary wastewater flows. Scheduling sampling during these morning hours would be most successful
in identifying sanitary wastewater contamination of the storm drainage system. Many inappropriate
industrial entries to the storm drainage system also occur on a scheduled basis, e.g., cleaning up work
areas between work shifts, or increased wastewater flows during periods of the year when the specific
industry is especially busy. Again, investigating potentially affected storm drain outfalls during these
critical periods would Tesult in better data.

: The field survey schedule will need to be flexibie to avoid sampling during and immediately after
a storm event,’ to ensure only dry-weather flows are recorded. In most urban areas storm runoff
drainage flows will cease within 12 hours following the storm event, but this will need 10 ‘be reviewed
for each watershed area. The time to flow through the upstream drainage system and any detention
and subsequent release of the storm water could extend this 12 hour period. This subject is discussed
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further under Section 5, Irregular Flows. | .-

Sampling technlques--After an outfall is located itis Iabeled with pamt or marked by other means
and the form shown on Table 9 is completed in the field. Table 10- describes the physical observation
choices, previously discussed in Section 4. The use of field sheets and Iaboratory record keepmg is
.very important because of, the large number of outfalls that will l|kely be surveyed in: each mumclpahty

: Table 9 is: a freld sheet that can be used to record the observatrons and analytlcal results for the
'outfall survey The top of the sheet rncludes basrc outfall descnptrve and weather: rnformatlon a flow
rate estimate, and.an rndrcatlon rf mdustnal or, commercral activities are. known t0 occurin the area.
‘The physrcal observatron data sectlon requires SImple crrclrng of the most approprrate value, -or.writing
“in another response. Samples should be obtained -of; floatable:. and starmng materlals for further
laboratory microscopic analyses. If Unusual vegetative condltrons or damage 10 structures are found,
__then the. extent and appearance of the damage shoul _descnbed In all- cases, veral. photographs

The analyses res’_,ts are Wil en on the form,

Flows are estlmated and vusually charactenzed for each ou -fall vrsrt Field temperature and specrfrc
conductrvrty measurements are made 'in the field, and dry—weather dlscharge water samples are
collected for later (same day) laboratory dnalyses. A single water. sample {1 to- 2 L)is suffrcrent for
almost all analyses that may be conducted on the sample This sample can be cellected in a

ed organrc
onjunct:on

needed to determrne the tolerable delay before Iaboratory 'analyses As noted prevr usly,
et’-ﬁcrent to analyze the samples in the field, especiaily after each sample ig collected T

':.eld tests--The only tests recommended for,:; Id. ;s
conductlwty

prooedures

Datac analyses--'

'th_e' I'tkely
contamrnated

, ldentsf:catron of contamrnated outfalls——Sectron B descrrbes se
components in each’ ‘flowing outfall. This information is then
dry-weather flows.

e |dentlf|ed
esg procedures

solatron and correction of contamrnatrng flow sources —-After“-'h ;
_ dralnage system surveys are used to find the sources of the cont

are briefly discussed later in this User's Guide.
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_ TABLE 9. SAMPLE EVALUATION SHEET

. Temperature: C

"Outfall # " Photograph # "' ° Date:

’r\\ ;

4 Weather:- aif témp : °C ""Eéi-n': -Y N “sunny " cloudy

1 Outfali ﬂow rate est1mate L/sec

Known. mdustr:al or commermal uses: in dralnage area7 Y N b
descrlbe : Dt SR -

A PHYSICAL OBSERVATIONS '
: Odor .no:ne ; _sewage sulflde I| gas -r'anciél-'scu'r other:_ - =
: Colo_r.__., none - kye'lrl_o,w, ;_:.___t?:r:o_wn __-,.gre_z_en __réd gray ) :ﬁth_er': _

Turbidity: none . cloudy obaque""

; §Floatables:- none petr_ofeum sheen 'sewage' other:: . {collect sample}

; Depositslstéins- none sedlment 0|lv describe P {collect sample)

Vegeta'tlon COﬂdItIOI‘IS r_lo;m_a! excessnve growth " inhibited growth

. extent:

. Damage to outfall structures:

identify. structure
“damage: none /' concrete cracklng ! concrete spalling / peelmg paint / metal
corrosion’ : .
. other damage:: - - ST
extent:

. ANALYSES: S : EQUIPMENT USED:

Specific coﬁduc{ivity: __ uS/em

Fluoride: mg/L
Hardness: —_mg/l
Surfactants: ___mg/L
Florescence: __ % of scale
Potassium: ___mg/L
Ammonia: ___mg/Las N
pH:
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TABLE A0.. lNTERPRETATION& OF PHYSICAL OBSERVATION PARAMETERS
: : o ‘AND LIKELY ASSOCIATED FLOW SOURCES

|l ©dor =" Mast 'strong odors, especrally gaso!rne o:ls .and solvents -are Ilkely associated w:th hrgh
. responses to the toxicity screenmg test. Typical obvious odors include: gasolme oa! sanltary
- wastewater, industrial chemrcals decomposmg organic’ wastes etc.

™

sewage: smell associated with stale sanltary wastewater especna]ly in pools near outfall. -~ |
sulfide ("rotten eggs"}: industries, ‘e.g:, meat ‘packers, canneries,- dairies, etc; and : '
: stale sanitary wastewater. : : ,
£ oil and gas: petroleum refineries or facilities assocrated wrth veh:cle malntenance and : !
1 ' L * - operation or petroleum product storage.’ - ST !

’ ranc:d-sour food preparation facmtles (restaurants, hotels, etcl ' e

Color - Important indicator of mappropnate mdustnal sources Industna! dry-waather dlscharges f._{ F
may be of various colors, but dark colors, such as brown gray, or black are most common :

I
]
]
|
55 ‘ . yellow: chemical, textile, and tannlng plants B o T : R
C : brown: meat packers, printing plants, metal works stone and concrete works fertrllzer
application, and petroleum refining facrlrtles ‘ ‘ : :

l

| gree'n chemical plants, and. textile facilities. b *'f'_ L;
L red: meat packers. o i
' ' E gray: dairies. AT BERRREERS T [:i

‘ &%

: Turl:ndlty Often affected by the degree of gross contamlnatron Dry-weather industnal flows
with moderate turbidity can be cloudy, while highly turhad ﬂows can be opaque H|gh turbu:l:ty |s
often a characteristic of undiluted dry weather mdustnal dlscharges. - :_

-

cloudy sanitary wastewater, concrete or stone operatlons, fertlllzer facmtres, and
‘ _ automotive dealers. :
i opaque: food pro(:essors lurnber mrlls metal operat;ons and pigment plants

i

oy NS N s

Floatable Matter - A contaminated flow may contain floatmg so!ads or Ilqmds dlrectly related to

industrial or sanitary wastewater poliution. Floatables of industrial; orsgm may mclude animal fats,ﬁ.;
spoiled food, oils, solvents, sawdust, foams, packing matenals or, fuel v
oil sheen: petroleum refineries or storage facilities and’ vehrcle sermce facrlrtres l
sewage sanrtary wastewater
: ' jlc"ontr_nuedl. i
i
b
]
t".

g i

L

|
b
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TABLE 10. {continued)

‘Deposits and Stains - Hefer to any type of coating near the outfall and are usually of a dark
_ color. Deposits and stains often will contain fragments of floatable substances. These situations’ )
.are illustrated by the grayish-black deposits that contain fragments of -animal. flesh and -hair.

wh:ch often are produced by Eeather tanneries, or the white crystalllne powder which cemmanly

" coats outfall$ due to nltrogeneus fertrllzer wastes.

.- sediment: construction srte erosuon ,
oily: petroleum reflner:es or storage facrlrtres and vehlcle Servrce facmtles

Vegetatlon Vegetatlon surroundlng an outfall may show the effects of mdustrlal pollutants
Decaying organic materials comrng frorn various. food product wastes would cause an increase in
plant life, while the discharge of chemlca! dyes and inorganic pigments from textile mills could
noticeably decrease vegetation. It is important nat to confuse the adverse scouring effects of
hlgh stormwater flows en vegetatlon with hrghly toxic, dry-weather rntermlttent flows.

excesswe growth food product famlatres
inhibited growth high stormwater flcws beverage facrhtles prrntlng plants metal product
o : facrhtles drug manufacturrng, petrcleum facmtles vehlcle ser\nce facilities
: and automobrle dealers. '

Damage to Outfail Structures - Another: readily wsmle rndrcatlon of mdustrral contammatlon
Cracking, ‘deterioration, and spalllng of concrete:or peellng -of surface paint, occurring at an
outfall-are-usually caused by. severely ‘contaminated dlscharges 'usually of industrial origin. These
contaminants are usually very acidic or basic in nature, Primary.-metal industries have a strong
pﬂtentlal for causing outfall’ structural damage because their batch dumps are. highly acidic. Poor
construction, hydraulic scour,.and old, .age may also adversely. affect the condition of the outfall
structure which are’ not lndrcatrons of upstream contamlnatlng entries.

concrete ctackmgt mdustnal flows o
concrete spalling: industrial flows -
peeling paint:. industrial flows

metal corrosion:-industrial flows

49




dralnage system} from outfall visits.

Irreqular Flows

irregular flows pose a special problem during the field surveys. Outfall apparent "dry-weather”
flows can be intermittent in nature, only flowing soon after rains and then remaining dry, or may fiow
when inappropriate water sources enter the storm drainage system. if irregular flows are associated
with rains, outfall surveys should be postponed untit sufficient time has lapsed since the last major rain.

For most urban areas, storm runoff drainage ends several hours. (but.usually less than 12) after the rain .

stops. Extended, but decreasing flows, after rains could be assocnated with high groundwater or
percolating rain water infiltrating into the drainage system. In this case, most outfall surveys should
be further delayed. However, some pollutant sources may be associated with these after storm flows,
especlally contaminated groundwaters (septic tank problems, leaky underground storage tanks, ete.),

Therefore,. it. may be :mportant to sample these flows, especlally if these contam:nant _sources
potentlally emst

Basic field indicators, such as the presence of residual stains or deposits; oil sheers, coarse solids,

. floatables, colgr, odors, etc., in the absence of a flow, lndlcate the - likelihood .of .intermittent

dry—weather flows These observatuons will be enhanced nstalling simple."tell-tale” devices, ‘e.g.,
a terry -cloth (stram the dascharge) or small caulk dam in thev draln ,Outfal]s exhlbltlng these srgns of
non-continuous discharges should be wsrted several tames 1o’ lncrease the probability of observmg and
sampling a dry-weather discharge. Analyzing pooled v 'ater |mmed|ately below the outfall or collected
between visits in small, constructed dams within the storm drain can greatly assist .in identifying
non-continuous discharges. Coarse solids and/or floatables. can be captured through, the erectlon of

' coarse screens and/or booms at a manhole site, the, mouth of the outfall -or.in-the receiving stream

It may be necessary to v15|t suspect ‘putfalls’ frequent[y., However itis \nrtually impossible to capture
an:isolated short—term intermittent flow (e.g., from’ the lllegal dumplng of. wastes mto the storm

' Simple out'fall‘ area characteristics noted 'above-- he most rehable indgcator ' ‘potentlal
mtermlttent source at an outfall. In’ addition to using 1, or, other :ndlcator devrce (e.g., ai small
scréen to capture’ particulate debris), it may be desura g use an automattc w' samp]er at
especially i |mportant outfalls. Automatic samplers would be u easonab!e and expenswe ise at many

outfalls in an area and test locations would need to be refully selected A sampl cated in a

' close -by manhole and set to sample every fifteen mlnutes;(wnh four. sampies placed ine h bottleJ can

momtor for intermittent flows for a period of 24" hour: Automatrc samplers. can - be u ,ed to
charactenze vanabie quallty flows Th|s |nformat|on can _uvaluable in |dent|fy|ng p0531ble dlscharge
sources. . . _ e P
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SECTION 6

DATA ANALYSIS TO IDENTIFY PROBLEM QUTFALLS
' AND FLOW COMF’ONENTS

The field screening surveys are to be used as an initial effort to identify the outfalls needing more
' detailed drainage area lnvestlgatlons Wthh would identify specific pollutant sources and control
options. These field screening surveys, drscussed in Sections 4 and 5, include phvs:cal chemical, and
relative toxicity evaluatlons of outfall and/or dlscharge condmons

The purpose of the procedures presented in this User's Guide is to. separate storm drain outfalls
‘into general categories {with a known leVel of confrdencel and to identify which outfalls (and drainage
areas} need further analyses and investigations. The categones used in this Guide are outfalls affected
by non-stormwater entries from: (1) pathogenic or toxic pollutant sources, {2) nuisance and aquatlc '
l|fe threatemng pollutant sources and {3) unpolluted water sources

 The pathogenic and toxlc pollutant source category should be considered the most severe because
it could cause dlsease upon . Water contact or consumption and cause srgnlflcant impacts on receiving

: water organisms. They may also cause ‘significant water treatment problems for downstream

consumers, especially if they contain soluble metal and organrc toxncants These pollutants may
originate from sanitary, commerclal and industrial wastewater non-stormwater entries. Otherimportant
resudential area activities that may aiso be considered in this most critical category {in addition to

: sanltary wastewater} rnclude mappropnate household toxicant dlsposal automobile engine de- -greasing,

vehicle accident clean-up; and irrigation runoff from Iandscaped areas excesswely treated with
chemlcals lfertdrzers and pesncrdesl

_ Nursance and aquatrc lite threatenmg pollutant sources can onglnate from remdential areas and
can include laundry’ ‘wastewater, landscaped area ungatlon runoff, automoblle washlng, construction
site dewatering, and’ washing of concrete mixing trucks. These pollutants can cause excessive algal

' growths, dépressed -dissolved oxygen concentrations, tastes and odors in downstream water supplies,

offensive coarse solids and floatables, and highly colored, turbid or odorous waters.

Relatively clean or unpolluted water discharged through stormwater outfalis can originate from
natural springs feeding urban creeks that have been converted to storm drains, infiltrating groundwvater,
‘and infiltrating potable water from water line leaks.

A method must be used to compare data from individual outfall dry-weather samples to the library
of dry-weather source flow data to identify which outfalls belong in which general category of
contamination listed above. This comparison should result, at the very least, in the identification of the

_outfalls that are considered as major pollutant sources for immediate remediation. The degree of detail

which can be identified for an outfall will depend on the extent of the local data collected to describe
the likely source flows.

The procedures that can be used to identify outfall flow components may begin with simple
ves/no checks. For example, if no surfactants are measured in an outfall sample, then sanitary

. wastewater is unlikely to be a contributor to the outfall flow. If no fluoride is measured, then fluoride
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treated potable water sources could be ruled out as contributors. The probability that remaining
contenders are present alone or in a mixture may be determined using a combination of matrix algebra
and the selecting of random values from within specified ranges using a Monte Carlo process and many
iterations. :

Most contaminated outfalls will require correction before the receiving water quality recovers to
acceptable levels. However, ranking the outfalls allows the most serious outfalls to be recognized and
enables corrective action to be initially concentrated in the most cost-effective manner. In some of the
case studies investigated, correcting only problems at the most critical outfalls resulted in insufficient
receiving water quality improvements. it may be important to eventually correct all non- -stormwater
discharge problems throughout a city, not just the most severe problems, The field screening program
should therefore be considered as an initial effort that needs to be followed-up ‘with more detailed
watershed drainage surveys in most of the areas- havmg observed dry-weather flows The fqllow -up
watershed surveys are to ldentrfy and correct :napproprrate pollutant entrles mto storm dramage
.systems, as. drscussed in Sections 7 and 8. .

The rdentrflcatron of flow components of . the dry-weather storm dram flow, can be used 10
determine Wthh outfalls have, the greatest pailution potentlal As an example, if an outfall contarns
sanitary wastewater, it could be a significant source of pathogenlc mrcroorganrsms Srmrlarly, if -an
outfall céntains platmg bath water from a metal’ fmrsher it could be a 'significant source of toxicants.
These outfalls would*be grouped into the most critical category of toxicants/pathogens. If an outfall
contains washwaters from a commercial laundry or.car wash, the ‘wastewater could.be a major source
of nutrients and foammg material. These outfalls would be grouped into an mtermedlate category of
nuisance ‘and aquatlc life threatenmg Frnally, if an outfall only contams unpolluted ‘groundwater. or
water from leaky ‘potable water mains, the water would be non pollutmg and the outfall would be
grouped into the last category of unpolluted wiater sources h

The five methods of data. anayses presented in the followrng drscu_s "lons present a hrerarchy of
methods ranging from relatively simple. reviews of the outfall: characterlstlcs 10 -more soph:strcated
methods requiring computer’ ‘modeling for evaluation. it is suggested that as.many . of the procedures
be used as possible .in evaluating the data, as each method provides some unigue: insights -into the
problems. Pitt and Lalor (publication pending) contains a.more through discussion of these analysis
procedures mcludmg evaluatron of the Birmingham, Alabama, demonstratron prolect data

INDICATORS OF CONTAM]NATION o

Indrcators of contamination (negative indicators) are clearly apparent visual orphysncal parameters
indicating obvious problems and are readily observable at the outfall durmg e f:elcl screening
activities. These observations are’ very important during the field survey bec,_use they are the simplest
method of identifying grossly contaminated dry-weather outfall flows. The diréct examination of outfall
characteristics - for unusual conditions of flow, odor, color, turbrdrty, floatables deposrts/stams,
vegetation condrtrons and damage to drainage structures is therefor _ nt.part of these
investigations. Table-10 in Section 5 presented a summary of these mdlcat IS along w:th narratives
of the descnptors to be selected in the field.

This method does not allow quantifiable estimates of the flow compone a f‘used alone wilt
likely result in many incorrect .determinations (missing outfalls that. have: |mportant levels of
contamination). These simple characteristics, discussed further below, are. most useful for identifying
gross contamination. Only the most significant outfalls and dramage eas. would therefore be
recognized from this method The other methods, requiring chemrcal deter attons can be used to
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- quantify.the flow contributions and to identify the less obviously contaminated outfalls.

Indications of intermittent flows (especially stains or damage to the structure of the outfalf) couid”
indicate serious illegal toxic pollutant entries into the storm drainage system that will be very difficult

‘ to detect and correct. Highly irregular dry-weather.outfall flow rates-or chemical characterrstlcs .could
indicate mdustnal or commercial mappropnate entries into the storm drain system.

Durlng the. demonstratron phase of thls research prcuect {Pitt and Lalor pubhcatlon pendmg}, odors

_ and high turbidity were found to be the most useful physicalindicators of severely contaminated outfall
- flows. High turbidity correlated well with high levels of surfactants and toxicity. Noticeable oders also
- correlated well with elevated toxicity. Color was not a very useful indicator of gross contamination and.
" elevated toxrcm/, unless the color exceed 65 HACH color unrts

Gross mdustrlal wastewater contamrnatron mav be mdncated by the presence and nature of

: floatable material. and: deposits. near the outfall. Table 11 summarizes possible chemical and physical
characteristics of non stormwater discharges which’ could come from various industries. The properties
. considered are: pH total: dlssolved solids, odor, color, _turbldrty, floatable materials, vegetation, and
: damage :to outfall structure “The descriptlons in ‘each’ of thése categories contain the most likely
* conditions for a.non-stormwater discharge coming from a particular industry. It should be noted that
» outfalls are I|kely 1o be affected by several industrial sources srmultaneously, especially if draining
¢ industrial parks. The :mtrel watershed analys:s, drscussed prewously, Wthh needs to describe the
industrial and commercral facrlltles that are: operatlng in each outfall’'s watershed .will be of great
' assistance in ldentrfymg Whlch mdustrres may be contnbutmg dry—weather entnes into the storm

drainage’ system

T

SIMPLE =CHECKLE-ST FOR MAJOR FLOW COMPONENTJDENTIFICAT[ON

.‘/-

Flgure 10 is a flow chart describing the analysls strategy to identify the major non- stormwater

" discharge sources in residential areas. The first indicator is the presence or abserice of flow. If no

R B

dry-weather flow exists: at an outfall, then indications of intermittent flows must be mvestlgated
Specafrcally, stains, deposits, ‘odors, unusual stream-side vegetation conditions, and damage to outfall
structures’'can all indicate intermittent non- -stormwater flows. However, frequent visits to outfalls over
fong time penods are needed to confirm that only stormwater flows occur. The other points on the

, flow chart (Flgure 10) serve to indicate if major contaminating sources are present,-or if the water is

::?, uncontaminated water. The other methods dlscussed Iater are needed to quantlfy the component

contnbutlons

. Treated 'Potabl.e Water

A number of tracer parameters may be useful for d;stlngwshlng treated potable water from natural

i waters:

L Ma;or |or|s or other chemical/physical characteristics of the flow components can vary
substanually depending upon whether the water supply sources are groundwater or surface
‘water, and whether the sources are treated or not. Specrfrc conductance may aiso serve as a
rough mdlcator of the major water source.

. Fiuonde can often be used to SEparate treated potable water from untreated water sources.
Untreated water. sources can include local springs, groundwater, reglonal -surface flows or
non potable industrial waters. If the treated water has no fluoride added, or if the natural water
has fluoride concentrations close to potable water fluoride concentrations, then fluoride may

b3



[} uc:..__urou_

. ) umoig ybp aueis l0 ABjD wiol) Jeng Ese-m :n_uuum ) . L2 ULLICITY | Lo S1ONPOLY PIRIDUSH
mo7 | oseg {BULION Mo oy Awg, u.._o_:-m 1Y sWepow - B C . pniy TARIT 194 q
oo ofiuey - S ‘ R e S sbliz.uenoy .
UBH - epi . peyamyul ome . erE ot dBap 'niuebiving
4l olpisy paYgigy L ybhiq __uu_m 28 >Ec,
sBuey . [ T N RRWAID Yug
CLIT] opIM, YPH om0y >Eu...
K L ny :Zui Wh -
YBiy  JewuoN peyaIiu;
oBuery :
Mo epy - Jeundy
MOY  jewdoN jrunoN
MO} JewiloN [EvLION .
. ,‘ ) 1onpo.y :
MOT  |BLUTON _uE‘_oz . ow > ¥N vo-_u_:_u .E_._«O pug _o._unm‘_. €T . ]
. T EL T : : s1uebioleq 'deog ) T
Y oiseg nSEEE L Mo Noejg 0} Ak’ ,ouuo._w CLIR (1177 I a:o_._.s . 'yowolg ‘depng 10 " 810npoxd M n__cs._. £ 4
A o el sl B pus-siedey- Lo . o . . . .
o - Co Co ’ [T o ’ - zenesedn ‘sebio ]
MOY jewlon _!Enz L MO . umolg g’ swelg oogeqa) Mo yorjg 01 umoag ‘000Rg0 ] peyC] 29INIDENUBYY GDIRGC ] 1z
’ - swey| Butuue) . <t
. ebuey o : . pepIeas|qg R LI ) . 1580, oYY "eUA R
ubg . epiy . pOUGIL) - ybny umoig Jub] - ueyoig ‘sdoq g sumin  elmIepopy - SNORA . 40 eeg ‘Bpog e sefeleaey 80T
) : T umoug - o . ’ - S8E0ID 10 I .
yby  jewoy ewidop - . - moe1 - Wb o) Aedp - pIET'SIey jewsuy -yt Rl 01 UMoig ’ ‘IRey pejlodg 80 puR 384 Loz
. R . . : : , . 219npoeiy ASuapIseucs
YBIH  jeuhon [BuLON MOY - S{RISAI) SYUM " [efluaiog Mo Moy N ’ ¥N pue.eBng  goz
: B ’ umolg © - aeBng nold S ) )
YBIH  euwisoy ooy Mo B 01 Aeig ‘PR ‘IO Bupjoo:y by Novig 01 umoug . pepodg o pu eemg . sonpoid AleNeg - 502
t - Co T sjuewiBely JUkl] B Meng : umoig ysippey . Aujragy : .
4oy oy . fewioy Mo umo.g- 451 s0pig: pue sy upan YBH otumoig Ay g Isems  Auybig s1npold W WRID  $OZ
¢ B seARET ‘S0J0D 'BUPG . ) : :
obBuey : - ) . ; ‘speeg “r . o)14 1sodwoy seiqmiehep g ayniy
ybiy opIp {eunon R oy umoug ._uoxs._s ’ v|qeiebep ‘Y - . snoueps 81000k BujAroeg . peAISSeLd g PAUUED  £OT
< ERE umo.ig ey S1NPoL NIl pejiodg C. e leying piouey ) .
ubH.  olpy - yspiioly : yb. o ..3 >Ew ) 318y [eujuy 4By QUM 01 Avugy AN pejods . spnperd Aueg 202
. . . . . . . sjeapy .
P oo - xuu_m " pesseany jo se00)y umaeig Ysippey :me_u pur sBB3 usljoy .
ybiH  jeusloy yapnoly ypH o1 umoig  sIonpoadAg ‘tieq eunuy B ol umorg seepy pojodg . SIINPOLY JeSN  LOT
. : ; ) : £i20p0I] popury puR pood  OZ
; FaR ShpUT Adeiig
spiog . RO uopeIelen . . $eInenig “Ring T SeqEWO o AHPENL ~ 300D " 1op0 g " SIeqLunpg ANoIn Dig
PaA|DES|( B - T epng . 9 aiqeq ol T : i : sucjeoyueRtd Jofew
jec) : Lo o3 eBeweg Lo - : ) . sojloBeen jeuisnpuy
SW3LSAS JOVNIVHA WHOLS OLNI SIHINT HILYMINHOLS-NON TVIHLSNANI 40 SALHIJOY TVIISAH GNV IVIINIHD L1 Javi




(penuiuod}

eBuey b 1218 10 Sl JO BeD6L] apjxaied 'eujo|yn SIHIPOL) NIIB|

= ybiy opIA. - peyqiyu) B MO omg oF Awip 1PQqNYy PAPPRIYS . RIRIBPOW. N OE|g ©) Umosg .. sBfg wenocy snoaueless|iy g Jeqqny 0f
oBusy o seishiy yeg ) jort4 ’ o suljosED ‘eues0Ie)y ‘
ybiy opIMm pougitjul Mo joejg Ppessesoly 10 epniD Auy ybiH HOBE 01 UMOIY sbib3 vepioy Bujujjey wnejoned BT
. ’ . T SRMISNpUl peleey
: pue Dupupey xnejonled [: ¥4
Jopmoyg
.. - snoydiowy : . : . . q
yBiy  peaION feunGN Mol > Umaig - BMZ|IUe] pez{la)jed ybiu yorjg 01 umosg . snopep . AuQ Bupagiy "siezjjjuey  [RZ
- 1epmog Ced - .o : -
snoydiow : : . .. ¥
uBiH - ooy pelquy Yoy UM o ¥N CLI] QUUM ANl 1eomy Juebung sieziiey speydsoyd AT
' rapmog : R - :
oujjesshi) S e ) : £
uyliH PRy peyqiyuy L1 © OUUM . S YN Mo Co ¥N L WN s102)|ued snoucBonyN  £gT
' speojuwey) anynouly  [8T
sjuswdy suedig
pauqiyu| . - W ‘selg ‘seampeweys| g
MOT  jeLoN AlyBiH L) ¥N ueeyg jueon|suy) Moy ¥N lIswg 2ueBiDesms 9l19AD 7 "seprup ooAd  gag ||
uBlH  oiploy © pelgiul Mol Aoe|g o3 Aeup- - sSJe) . 8U PUR SUBCY ybin Horlg 01 umorg : sy1dg suig sjesjwey) poops pe wng  pgz || WO
. .o speopueyn apuelig ursnpy; oaz || ’
LY
-85 . R . {sydg iU ‘Jouuyy JuRd) {esrg JURAI0S-BS]
ojseq N _n IUBAI0E NV-HS WeAlog uodn juepusde(-g8 SIONPOLY peNly pue gjeweul
yBiH -Xeyeq peuqyu| Mo Noelg 03 Ay © YN - Xele] ybiH SholEA ejUoWWY -x8187  ‘srenbieT ‘seysuiep ‘sueg o1 ¥4
. . .o o sucnmiedesy Bujuras
yBIH ojzeg peyaiju Mo yor|d 03 AesD 98Ra.D "SI0 Yty snouep : AJ0M0)S 10 JBOMSG g 'siueBlieleq ‘deos paZ
. panqyu| sBnig Bunejnsdey . . . . . -
YBH  |eunonN AMBIH Mo snopeA Joj s1onposdAg wie(e JBH LLE LYY VN sbnyy €82
. S1NPOoig
sBusy | . apeYuAs jo seduy . I THITY
b - epiw peydy . - Moy snopep  ‘sjuewBesy ofiaely UBiH snopep, Aysi3 "sbung pue sjepeley 2iseld 28T
ebuey peyamy| - i s - . . . co 9
Yyt BPIM, ABIH Mo SNOpeEA ) [eluRIGE MO L] shopea, N suowalyy sjuefioyy 3:14
7 uesr) o} Bujuing *juebung
. PoyqIyy| umorg WBF)  euolg 10 ARD WO 38N . MOIRA - SULOID supciy] : o z
Mo o|seg {BULION AniBiHy 01 Amagy BB|djLEg BERID  @MSPOW | WN - SIENY 1o ueBojeH Bucllg QUMD pue TNeNlY LT
: ‘ c - SI2RPOK PRIY § S[RIHURYD 8z
PINTORRUREY JRORUB YLy
TPIoS YT ] UCHEIeBoA, 3o I uEls se|qRIEO0 LT 10190 000 siequny dnoag a8
PaAosEIT - : =jno W SHqeg : o suoliRal)IEse|D Jofei
=10} - 01 eBeweg . Lo . sajiofele) |ejasnpuy
b




‘moq

JEwaonN |eunoN Mo umaodg 346y BN ‘B0 Mo umolg o ¥N 1904 1199]3 Weeig Jee[ony
APy lepmog
A snoydiows]
Mo lyBg FBUON Mo yoe)g 18N (200 Yoy AL 01 umolg wN Jemod Tu108|3 Weels [eoy
peoy eERGID 7§ IO
MO |eutron Jewon . - Mo umolg  JeAoys] 1o popodg Mol joe|g o) umoig spooy pejjodg seoeld Bupjuig g Buney oY
. : 01015 Juswdinby g
MmO RWION |eusiopy S.mo - ¥N ¥N Mo ¥N VYN ‘sBumysing fesnyuwing ewoy s
Mol jeudop |eunoN " Mo ¥N N Mo ¥N N 801015 AIC3800Y 1} [eseddy 95
. SUCHIEIG PUAIBG RuOSED)
MOl |RLION paygyu) Moy umaoig SUIOTED JO [|(3  91eI19pOjy ¥or|g 03 umosg eu||osRE) IO IO 7 8I8je8() PANOWOINY 54
X asnpoiy BulAeseq inhog 'prouey
Mol jewloy ys|noj4 Mo umosg s poo4 )0 sjueuabe4 mal snopep, wINpold pajjodg S9J035 pooy G
MOT  [RUMON JeuioN Mo N w¥N wiN vN YN $6J01G eg|puEysIew "UBH £g
a FIS{EB(] SLIOK B|Iqopy
o i - pue
0 4o "yanpMmey ‘1ng ‘Alddng  uepiety ‘srempiey
MO |ewlon JELLION man umolg B} . ‘sued Juel| ‘speeg ewosg Mo . yoe|g o) uMmosg N ‘sfensiepy Buipjing Z5
- pelag
usursy
. do Jeydsy peinjig
yby  peuson [eLION Mo ¥ouig 01 Ang ey ‘esesisy ‘spn ubh HOHIE 01 umoLg SROJEA uopanisucy Aseel . gy
uybly  Jeusoy |eurrop Mo Aoeig o3 Arig sjend ‘esesin '9)|0 ybiy A9ulg 01 umoig snoueA, uoponuIsuoD Buipiing gl
; ‘TONInIEEUDS § UoneHodsuR]
spijog Ho uopejebap seinianig sueg s0|qBlEO}4 AYpiqn ) 100D h._mno siequiny dnop 3|8
panoss|q lieing % spdeq : P ’ sueneassery Jofen
L2118 0) eBewe(q - sepodaien |euisnpu)

56

(penupuod) “LL F19VL




'S82IN0S MO} 19JBMUII0IS-LUOU BIJE [BIIUSPISS) AJJUSp 0} LIRYD Mmolq "QL 2Bl

jOUN0S JAEMAISEM
Areyues Aoy

RO
Jojemysem A

‘SANOST ._oumi.p_.-.sn.coc
pefeuLIB|ic0
% jout Ageqoid

I3y
[RInjeu pelemin

Hjuo reguapises

JejEM
QRUY J0 Jayem uonebua

USRS

-| 10 1mpEmaisem Areyueg

Pag] 9L O SR

Y5y eausomiony Jo

RIN0S IFEM PRTRR |

sax

.

{ mayyesppe y—o———

IO SN pUl

) polpay

.E_E
RIGSNPU} JO BIGTEM
RINRY PSRN

°N

4By sepuonyy

SISOy
w_quoMﬂ.Ew.ﬁs

MO USRS

apl -

~

jo subig

L)

10| splpat]

MOy Joj oauy

s

kUG,
1o [eugsnpuy

57




not be an appropriate indicator.

® Hardness can also be used as an indicator if the potable water source and the baseflow are

from different water sources. An.example would be if the baseflow is from hard groundwater -

-and the potable water is from softer surface supplres

® [f the concentratlon of chlorine is h[gh then a major- leak of drsrnfected potable water is' hkeiy
to be ciose to the outfall. Because of the rapid dissipation of chlorine.in water (especially if -

some organic contamination is present) it is not a good parameter for quantrfymg the amount -

of treated potable water observed at the outfal]

Water. from- potable water 'supplles'lthat'test posrtrve for'fluorides:or other: suitable tracers) can be
relatively uncontaminated, e.g., potable waterline Ieakage of. rrrrgatlon runoff or heavily contammated ‘

e.g.; sanitary wastewater

Sanitary Wastewaters

In areas containing no industrial or commercial sources, sanitary wastewater is probably the most
severe dry-weather contaminating source of storm drain flows. The following parameters can be used .

for. quantrfymg the sanrtary wastewater components of the treated potable water portlon

O Surfactant analyses may be useful in determrnrng the presence of sanrtary wastewaters.

However, surfactants present in water originating from-potable water sources could indicate
sanitary wastewaters, laundry wastewaters, car washing wastewater, or any other waters *
containing surfactants. If surfactants {or fluorescence) are not present, then the potable water -

could be relatively uncontaminated (potable waterline leaks or irrigation runoff).

L The presence of fabricxwhiteners (as measured by fluorescence using a fluorometer in the
laboratory or in the fieid) can also be used in distinguishing laundry and sanitary wastewaters. i

® Sanitary wastewaters often exhibit predictable trends during the day in flow. and quality. In
order to r'naximize the ability. to detect direct sanitary wastewater connections into the storm :
drainage system it would be best to survey the outfalls during penods of highest sanitary :;

wastewater flows lm:d to Iate morning hoursl

L 'The ratio of surfactants to.ammonia or potassrum concentratrons may be an effective mdrcator i
of the presence of sanitary wastewaters or septic tank effluents If the surfactant «
_concentrataons are high, but the ammonia and potassium concentrations. are low, then the

contaminated source may be laundry wastewaters. Conversely,.if. ammonia,’ potassium, and
surfactant concentrations are all high, then sanitary wastewater:is. the likely source. Some !
researchers have reported low. surfactants in septic tank effluents.’ Therefore, if surfactants are &

low, but potassmm and ammonia are both high, septic tank effluent may be présent. However,

A

gl

Pitt and Lalor (publication pending} found high surfactant concentratlons in septic tank effluent
during the Birmingham, Alabama demonstration project. This further stresses the need to |

obtam Iocal site specific characterization data for potential confammatmg SOuUrces.

] Obvrously, odor and other physical characteristics, e.g., turbldlty, coarse and floating "tell-tale”
solids, foaming, color, and temperature would also be very useful ‘in distinguishing samtary
wastewater from washwater or laundry wastewater sources. However, these indicators may
not be very obvious for small fevels of sanitary wastewater contamination.
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FLOW-WEIGHTED MIXING CALCULATIONS

Before any flow-weighted ‘mixing calculatidns can_be made, the characteristics of potential
contaminating sources must be identified. ‘Table 12 summarizes hypothetical concentration medians
and COVs for tracers that have been recommended to be used in the investigation.of non-stormwater
entries into storm drainage systems in residential areas. This method is an extension of the
checklistmethod described above -and attempts. to quantify the likely source flow. components at the
outfall during dry weather. . ~ - - S - L

Two general groupings of flow sources can:usually be recognized for each of these tracers, a high
concentration group and a low concentration group. Table 13 describes:these groups, along with their
composite tracer concentration ranges, variations, and medians. The outfall flow ¢an be split between -
the two general groupings by simple algebra. This method can result in substantial errors if the tracer
concentrations cannot be separated-into distinct source groupings. The next two methods, uSin_'g matrix
algebra to solve simultaneous equations, do not require this simplifying assumption. ’
Example Calculations = -

C The"_drainage area for a sampled outfall had no septic tanks or commercial and industrial land uses..
The likely flow sources had source flow characteristics as described in Table 12. The required detection
limits and precision for outfall characterizations must be determined, as previously described, for these
source; flow -characteristics -and: desired - study results. This outfall had the following  tracer
concentrations in a dry-weather sarnple: o : L ‘

" Fluoride: 0.'6_;ng/L
Hérdn-ess: '2'06-mgll_.'a.s Ca&ds
;._S.urfactar.:ts.: .0-7.-.6 ';}lg/L.. as __'M_BAS
s lé’otés#ium: 3 ﬁng/L- o
;Amnﬁ;miza:a mQ/L :

The water had a slight septic odor, with some floatables of apparent sanitary wastewater origin. In
addition, dry-weather flow was observed at the outfall during all visits. o

It is apparent that this outfall has a direct connection(s) of raw sanitary wastewater. This method
can (jetermine the approximate mix of sanitary wastewater in the outfall flow and identify the other
flow.components. Table 14 summarizes the example calculations used in this analysis. The list below
indicates the-appraximate expected source components at this outfall from this analysis:

Raw sanitary wastewater: 5%
Laundry wastewater: 5%
Groundwater: 70%.

Remainder {most likely potable water, but may also contain irrigation water): 20%

This analysis did not consider the potential ranges in observed tracer concentrations and the
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TABLE 12. ASSUMED SOURCE FLOW QUALITY

(Al Conc..in. mg/L)

 Source L R Har.dng;s -S_urfa_ctants Potassium Ammonia ||
| Lo | tesCacon | fas MRS | ovasnmy |
Surface . . - median - 0.14 88 0.35 0.72 | - 0.76
Waters . COV | - 023 020 | 013 0.23 1.1
. Grqund~ - “median | 250 . 0.05 1.7 0.22
waters " - cov . 0. 14 0.3 0.40 0.63
Septic Tank  median 3 |+ 005 21 47
Effluent cov 0.20 0.13 ~0.91 1.5
Raw ‘median 1. 390 [ e 21 22
“Sanitary  COV 0. 0.20 [ < 23 0.97 | 0.63
Wastewater o
Laundry  median | 1. 39 4.6 5.3 0.31
Wastewater COQV -0 0.20 2.2 0.57 0.91
Imigation  median | 1. 39 0.35 0.72 0.38
Water - Cov 0. 0.20. 0.13 0.23 1.1
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TABLE 13. CHARACTERISTICS OF SOURCE GROUPINGS

Huorides

surface & groundwaters

overall range:
cov:
' median:
Concentration ratio

of medians:

-Hardness

* groundwaters

overall range:
Cov:
median:

Concentration ratio .
- of medians:

- Surfactants

|raw sanitary wastewater
" & laundry wastewater

overall range:

Cov:

median;
Concentration ratio
of medians:

Potassium
" septic tank effluent &
raw sanitary wastewater

overall range:
_ cov:
median:

~ Concentration ratio
of medians:

Ammonia

septic tank effluent &
raw sanitary wastewater

overall range:

Cov:

madian:
Concentration ratio
of medians:

0.1-0.4 mg/L
0.54 '
0.20 mg/L

6.5

200300 mg/L

0.14

250 mg/L

6.4

0.2-100 mg/L
2.2
4.6 mg/L

33

10-100 mg/L
0.91
21 mg/L

8.1

6-380 mg/L -
1.5
47 mg/l.

107
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all other categorigs
1-+1.5 mg/L

0.14
1.3 mg/l.

all other categories
3050 mg/L
0.20

39 mg/L

N -

all other categories

0.04-0.4 mg/L
0.83
0.14 mg/L

all other cateqories

0.5-11 mg/L
1.2
2.3 mg/L

all other cateqgories

0.1-3 mg/L
1.3
0.44 mg/L




TABLE 14. MIXTURE CALCULATIONS TO IDENTIFY SOURCE FLOW COMPONENTS

Fluorides: 0.6 mg/L observed at outfall

x = fraction of sun‘ace & groundwater
with concentration of 0.2 mg/l.
y = fraction of treated water {all other sources)

with concentration of 1.3 mg/L
{x & y fraction concentrations taken from Table 13}

_ x(0.2) + y{1.3]

= 0.6 {for a unit volume of outf_élll water}
: x+y=1 : {for no other sources of fluorides)
! x = 0.63 {surface & groundwater)
a y = 0.37 {all other sources},
: ¢
(.
' ‘Hardness 200 mg/L as CaCO, observed at outfall
f 3 '!
x = fraction of groundwater
with concentration of 250 mg/L as CaCO, oy
y = fraction of all other sources '

with concentration of 39 mg/L as CaCO,
x(250) + y(39} = 200

= 0.76 (groundwater) | P g
y = 0.24 (all other sources} s LG

From Fluorides and Hardness Data: { S : ;

Groundwater & Surface water = 0.63

_ Groundwater alone = 0.76
" Surface water alone = -0.13-0" k
: Therefore: i

Groundwater fraction = (0.63 + 0.76)/2 =

Surfactants: 0.6 myg/L as MBAS observed at outfali B ' §

x = fraction of sanitary & laundry wastewater i
with a concentration of 4.6 mg/L as MBAS i
fraction of all other sources

- with a concentration of 0.14 mg/t as MBAS : I

Y

x{4.6) + y{0.14} = 0.6

P

0.10 {sanitary & laundry wastewater)
0.90 {all other sources)

X
Y

H
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TABLE 14. {continued)

Potassium: - 3 mg/L observed at outfall

x = fraction of sanitary wastewater
‘with-a conceritration of 21 mg/L
y = fraction of all other sources = |
with a concentration of 2.3 mg/L

x(21) + y(2.3) = 3

Lx = 0.04 {sanitary wastewater)
© 'y = 0.96 {all other sources)

———

Ammonia: " " 3 mg/L observed at outfall

fraction of sanitary wastewater

_ with a concentration of 47 mg/L
-y = fraction of all other sources

" with a concentration of 0.44 mg/L

»
fl

x{47} + y{0.44) = 3

x = 0.08 (sanitary wastewater)
y = 0.94 (all other sources)

From Surﬁactants. Potassium, and Arﬁmonia Déta:
Sanitary wastewater = {0.04 + 0.06)/2 = 0.05

Laundry-wastévﬁafer' =0.1-0.05 = 0.05
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resulting errors that may be associated with the above mixture, portions.. The following procedures are
better suited for error analyses.

MATRIX ALGEBRA SOLUTION OF SIMULTANEQUS EQUA;!':IAONS.

It is possible to estimate the outfall source fiow components_using @ set of simultangous
equations. The number of unknowns should equal the numbéer of equations available, resulting in a
square matrix. If there are eleven likely source categories;

used.

Further statistical analyses may therefore be needed to rank the usefulness of the tracers for
distinguishing different flow sources. Pitt and Lalor (publication pending}.show examples of how cluster
and principal component analyses can be used to identify redundancy and other. problems in the data
library. As an example, chlorine is not useful for these analys;as'-because _tt]g_con'ce_rﬁatr;ation_.\_;aria.b'iiity
within many source categories is high (it is also not a conservative parameter). Chlorine may still be
a useful parameter, but only to identify possible large potable waterline leaks. It cannot be used to
quantify the flow components. Another parameter having_-p'ro{b_!erhs':'fqr_ most situations .is pH. . The
variation of pH between sources is very low tthey are all very similar). However, pH may still be useful

to identify industrial wastewater problems, but it cannot be used.to ,quant_ify:,,f\_low:cqr‘r_]ponent_‘s.: pH is

also not linearly affected by mass balance mixtures {a solution.of 50 percent/b0 percent of two
components would not result in a pH value that is the average of the two individual pH values).. ..

These equations ae structured on a mass balance basis, like the previous procedure, but they.can.

be used to distinguish all source categories simultaneously.. A._;injn_p'ljﬁ'gd‘fexgmp;l_e,_i_s shown in. the.
following discussion considering just four possible flow components and four tracer parameters {P1,
P2, P3, P4). This would result in the following set of equations for gach-outfall sample: '

-

possible sources:

_;=:tra¢er S 1 . | o 2 ) _ _3.- _ o 4 f‘;‘.'_;:_""}-.,.:ull‘l‘tfa_l_l .
. parameter: ‘ _ _ ‘ e quality .
Pl ADCIN +  (A2NC21). + {A3)C31) - ARG = ml
o, (ANC12]  + (A2)C22) + (A3)(C32) + (A4)CA2) ~m2

p3: (ALNCI3) + (AD)NC23) + {A3)(C33) + (A4)(CA3) = m3.

Cpa ANCIA + (ADIC24L + (A3)(C34) + (A4ICA4] = m

o W,

‘A1 through A4 represent the fraction of flow contributed from each possible flow source. The "C”
terms represent concentrations from the source flow library for each particular parameter (P}
within each flow source({1-4}. The "m" térms represent the concentration of P actually measured
in the outfall sample. s
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The following is an example for an outfall dry-weather sample:
possible sources:

tracer potable . ground - sanitary - . laundry _ outfall
parameter:  water - water - wastewater - wastewater - . quality

fluoride: - {A1}{0.97 mg/L) + {A2)(0.031 mg/L} + (A3)(0.77 mg/L) + (A4)(33 mg/L) = 3.8 mg/L
hardness: (A1){(49mg/l}) + (A2)(240 mg/L).. + (A3)(140 mg/l) - + (A4{14 mg/l) = 126 mg/L
surfactants:{ATHO mg/L) + (A2HO0 mg/L)- . + (A3){1.5 mg/i} + (A4){27 mg/L) 3.0 mg/L
potassium: (A1}{1.6 mg/L) + {A2){0.73 mg/L) + (A3}(6.0 mg/l)  + (A4N3.5mg/l) = 2.2 mgiL

It

_ This simple 4x4 _n?ié'trj)c'_é_a'n_ be.solved using available scientific calculators or _ma'th;progr‘ém"s'_f for
i 5 'r).elﬁ.s,o:na!f:__compu.ters;__’ or by hand.. For . this_example, the following. are. the approximate flow
L gori*pp.onént's;—(r_t)u‘ljlded'_.to.'t=he- nearest 5 percent): e e e :

8 treated potable water (A1):30% B T

. ® groundwater (A2): 35% . . T

- ® sanitary wastewater {A3):.20% ' SR '
® laundry wastewater (A4): 10%

These component con,tribu’tidns do not all add up to- 100 percent. ‘A number of errors, especially
variations in source aréa characteristics and other sources present that were not considered, tend to
result in component sums that are not 100 percent. The following. method is similar, but considers

- uncertainty in source /area characteristics and 'res'ulgts in a range of likely component contributions.

MATRIX ALGEBRA CONSIDERING PROBABILITY DISTRIBUTIONS OF LIBRARY DATA.

A stochastic version of the above procedure enables the variétion_ in the library values to be

considered. The matrix is set up in the same way, but instead of using a single value representing the

parameter concentration for each likely source flow, a Monte Carlo simulation is used to randomly
select values. A large number of analyses (from a few hundred to many thousands) are conducted and

the percentage contributions for each component source are presented as a probability distribution
instead of a single value. . :

It is therefore necessary to describe the distribution of source flow characteristics. In most cases,
the tracer parameters can be represented using log-normatl distributions. Some parameters, however,
are adequately described with normal distributions, Again, local source flow monitoring is necessary
1o obtain this information. Pitt and Lalor {publication pending) contains examples using this method,
including the code for the necessary.computer program.
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SECTFON 7

WATERSHED‘ SURVEYS TO CON FIRM AND LOCATE INAPPROPREATE POLLUTANT
' ENTRIES TO THE STORM DRAINAGE SYSTEM T '

After matral outfall surveys have mdrcated the presence _of contamrnat:on further detalled analyses '

watershed acnv:tles can be obtamed from aenal phot |
survey techmques wull mclude the analysrs of the dry weath ' flo

USlNG’TRACER PARAMETERS N THE--DhAlNAGE .SYéTEI'Vl"'

An order to rdentlfy the spet:iflc eontammant sources in th dram k=)

‘further detailed
watershed analyses are needed These may. mclude e

L dramege system surveys ltests for specrfrc pollutants wsual :nspec ns T V ;_dramage plpe
inspections, and smoke and dye tests), ' : e

® in-depth watershed evaluation (mcludmg aerlal photographsl

. mdustnal and commerc:al S|te studles

, and

Rev:ew Industnal User Survevs or Reports

ich industries or
: spections will still’
near ct -details {either

This: W|ll requsre the submission of a questlonnalre te mdustri
commercial locations are discharging to a storm drainage systemn
be required because questlonnarres may not be returned 0 ma
dellberately or unknowmglyl . ‘

Follow:-up Dramaqe Area and On-Site Investigations.

id-be conducted
e:cost-effective,
aving  significant
torm drain trunk
uld be sampled.
-are not located.
$' (concentration
iting area for the
tains the major
{but into fewer
2a and complexity

Further drainage area investigations upstream of identifie
aftér the outfall studies have indicated dry-weather drscharge
only a sub-sample of manholes located in a drainage a
non-stormwater sources should be tested for the tracers. As A
sewer could be divided into tenths and the manholes closest to
This would identify the upper limit of the drainage area above whi
A location may also be identified where the downstream manho
times flow rate} are the same. This would mark the downstrea
tracers of concern. After the main trunk drainage reach i
non-stormwater sources, the branch storm drain lines can be
sections each, perhaps about three) and evaluated. Depending
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of the storm drainage system; this scheme could be suitably’ modified to enable the identification of
relatrvely smail- areas responsibie for the non-stormwater pollutant entries into the storm drainage -
system, These small areas would then be subject to the more intensive on-site mvestlgatlons by smoke
tests, dye studies, and T.V. lnspectmns :

; The above dralnage system analysns procedure may fmd that the drarnage system is contammated B
by wrdespread sanitary wastewater entries, possibly due to sanitary and storm’ dralnage systems in -
extremely poor.condition. This situation:may require that the drainage. system undergo extensive and -
costly repairs. It may:be more appropriate to consider the storm drainage: system asa combrned sewer *
and examine control alternatives that have been' developed for combmed sewer systems_ This would
also save further detailed drarnage system analyses costs.

LN

These dramage_ system surveys would beofollowed by mdustrralyand cornmercual on-site |

nen-stor water pollutant entnes mto the dramage system: Addrtronally, aenal photography can. be very .
useful d_ g;;late s 'of non-stormwater discharge control’: projects.As~an- example, aerial ©
photography <can help identify areas having: Ffailing'septic Systems located in‘residential: areas served -
'by-stormi drainage systems. Aerial photography can also be used to identify contmuous drscharges to -
surface drarnage ‘systems, ‘such as.sump: drscharges and .to identify: storage : :
contnbutrng srgnrflcant -amounts..of pollutants. -during-- rains, .:For example, “thi ennes_see Valley
Authonty {TVA);:among otheragenicies, has exten 'rvely used aena ‘photo"raphy {steré
- totidentify pollutron sources, especrally from faj ' S
TVA's ﬂ:ghts are made in-early spnng when mvestlgatmg 'ept;c t k fall
unusual ‘grass conditions, ‘with minimal interference from '
with.resultirig image scalés of- 1 inch to 1,000 feet..
$1 50 per square: mile.

FLOW MASS BALA'NcEs, DYE STUDIES, AND SMOKE.,TESTS
Industrial areas are known to contnbute 5|gn|f|cantly pol'uted wet-weather stormwater drscharges, ‘
along with contaminated dry-weather entries.into the storm. dramage system -Additional industrial site .
mvestugat:ons are therefore needed to identify activities that -apparently contrlbute these contammants
“to the storm drainage system.-Figure 11 is an mdustrsal site survey form prepared by the Non- Point
Source .and Land: Management Section of the Wisconsin’ Department of Natural Resources {R.
Bannerman; personal communication}: This form thas been: used to help ldentlfy mdustnal actlwtles that |
contribute significantly polluted, mdlrectly connected dry— and wet«weather non-stormwater ntrles into -
the storm dramage system .

This form only con5|ders outside sources that would affect the storm dralnage system by- entenng ‘
through inlets or through sheetflow runoff into dralnage channels. It does not include any information _
concerning mdoor activities, or direct plumblng connections to the storm drairnage system. However,
the information mcluded on. this form can be very. helgful in: dewsmg runoff .control programs’ for
lndustrlal areas. This mformatlon most likely affects wet-weather dlscharges .much more ‘than
dry weather dlscharges Ob\nous dry weather leachmg or spll[age problems are also noted on the form.

Locatmg An Industrial Sourc :

Hypothet[cal examples have been created to demonstrate how dry—weather dlscharges can be
characterized so that their likely industrial sources can' be-identfied.: These - examples show how
observations of outfall eonditions and simple chemical analyses, combined. with a basic knowledge of
wastewater characteristics of industrial and commercial operations located in the drainage area, can
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1.
2.
3.
4.
_=5
B 6 Descnptlon of ‘spills (materiat, quantity & frequencyl
ST
8.:
Q.
1

L Typeofequnpment' <
' 3. Type of surface under equipment: paved ‘_Unpa‘v_:édi

" 5 Control practice. berm tarp  buffer rone

- Rallroad; yg rd .

Wﬂm@PPNr

City: . - ' industry Name:

Site Number: . - . \ : Photo #

Street Address: - Roll # 4

Type of industry:

. Instructions: . Fill in blanks or c:rcle best answer in foliowmg

. Matenal[waste Storage Area

Type of matenal!waste.

Method of storage: pile  tank dumpster dt_her‘ s

Area occupled by’ “‘material/waste {acres):’

Type of surface under material/waste: paved 'uripaiied : L
‘Material/waste is disturbed: “often’ ~sometimes’ - - never ‘unsure < .

T R

" Nearest-drainage-{féet) and drainage type: -

Controt practice:: berm .« tarp: -buffer - hone "d'ther__

+ TFributary drainage area, mc!udmg roafs:{acres). .

UI"ISUFB

0. Does storage area- dram 1o parklng lot:: yes . _,n_

L

Heavy egglpment storage. .

2 . Area novered by equnpment lacres}

age - Lfeet) and drainage tvpe.

6 Tnbuta ‘drainage area. mcludmg roofs (acres)

Does stafagé'area dram to parking lot: yes - no

Aur potiution

‘Description of setteable air poliutants {types & quantltle
2 Descnptmn of particulate air poilutant controls: ;

Size of yard (number of tracks}

. General condition of yard:

.

Descnptnon of spllls in yard Imaterial, quantnty & frequen v

Type of surface in yard paved  unpaved
‘Nearest dramage (feet) and drainage type:

_Type of control practice: berm buffer other °

;Does yard drain t6 parking lot: yes no unsure
Tnbutarv drainage area, including roofs {acres):

Loading Docks :

1. Numbér of truck bays. Do

2. Type of surface: paved unpaved P BRREEE

3. Description of spills in yard {material, quantity & frequen ;
4, Nearest dramage {feet} and drainage type: - N ;
5. Typeof.control practice: berm  buffer other .

6. - Does. Ioadlng area drain to parking lot: yes no

7. Tributary drainage area, including roofs {acres}): '

Flgure 11. industrial Inventory Fleld Shee {k
areas on same site}!
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be used to identify the possible pollutant sources. The initial activities include pollutant analyses of .
outfalls being investigated. This requires the «characterization of the non-stormwater flows, the
identification of the likely industries responsible for the observed discharges, and. finally, locating the
possible specific sources in the watershed. : :

Hypothetical Conditions-- s S ;

- The hypothetical industries which were identified as being located in a stormwater drainage area
- {from the watershed analysis) included a vegetable cannery, general food store, fast food restaurant,
cheese factory, used car dealer, cardboard box producer, -and a wood treatment company. The .
methods used to determine the most likely “industrial source of the dry-weather discharges are

considered for three hypothetical situations of outfall contamination.

. Case Example One--The hypothetical results, of the. pollutant analysis for the first situation found
constant dry-weather flow at the outfall. The measurements indicated a normal pH {6) and low total
dissolved solids concentrations (300 mg/L}. Other-outfall characteristics included a strong- odor of °
bleach, no distinguishing color, ‘moderate: turbidity, sawdust floatables, a small amount of structural f

corrosion, and normal vegetation.

The significant characteristic in-this situation is the sawdust floatables (see Figure 12). The
industries which could produce sawdust ‘and have dry-weather flow drainage to this pipe are the
cardboard box company and the wood treatment company. According to SIC code, the cardboard box
company would fall under the category of "Paper Products™ (SIC# 26) while the wood treatment
company would be under that of "Lumber and ‘Wood" prcduct's (SIC# 24). Looking up these two
industries by. their corresponding SIC group numbers in Table 11 and comparing the listed properties,
indicates that,?the paper industry has a strong potential for the odor' _of'bleach. Wood products does
not indicate any particular smell. o ‘ ' '

Based upon this data, the most likely industrial source of the industrial non-stormwater discharge =
would be the cardboard box company. Table 2 under SIC# 26 indicates that there is a high potential -
for direct conni:actioh's'in paper industries under the categories of water usage and illicit or inadvertent
connections. At this point, further testing should be conducted at the cardboard box company to.find
if the constant source of contamination is coming from cooling waters, process waters, or diréct piping *
connections (process waters are the most likely source given the bleach and $awdust characteristics).

Case Example 2--The results of the pollutant analysis for the second situation found intermittent
dry-weather discharges at the-outfall. The test measurements indicated a low pH_(3) and high total -
dissolved solids concentrations tapproximately 6,000 mg/L). Other’ characteristics in:c'luded a
rancid-sour odor, grayish color, high turbidity, gray deposits containing ‘white gelatin-like. floatable
material, structural damage in the form of spalling concrete, and an unusually large amount of plant
life. :

The rancid-sour smell and the presence of floatable substances at this outfall indicates that some
type of food product is probably spoeiling. This narrows the possible suspect industries to the fast food
restaurant, cheese factory, vegetable cannery, and food store {see Figure 13}. The corresponding SIC
categories for each of these industries are "Eating and Drinking Places” {SIC# 58), "Dairy Products”
(SIC# 202), "Canned and Preserved Fruits and Vegetables” (SIC# 203), and "Food Stores” (SIC# 54).
Comparison of the properties listed in Table 11 for these SIC numbers indicates that elevated plant life
is common to industrial wastes for the "Dairy Products” and "Food Stores” categories. However,. the .
deciding factor is the low pH, which is only listed for *Dairy Products”. Thus, the white gelatin-like
floatables - are most likely spoiled cheese byproducts which are- also:the -probable cause of the:
sour-rancid smell. .. C e L - T - . : L
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Since the dry-weather entry to the storm drainage system occurs intermittently, the flow could
be caused by either a direct or indirect connection. To locate the ultimate source of this discharge
coming from the cheese factory, both direct and indirect industrial situations are considered under the
category of "Dairy Products” in Table 2. Thus, further examination of the loading dock procedures,
water usage, and direct piping connections should be conducted since these categones all exhibit high
potential for pollution in dalry productlon

Case Example 3-- The results of the test measurements for the flnal SI‘tUBtIOFI found a.normal pH
{6) and low total dissolved solids {about 500 mg/L}. Signs of contam:nated ‘discharges were found at
the outfall only during and immediately following rainfalls. Other outfall properties observed included
an odor of oil, deep brown to black color, a fioating oil film, no structural damage, and inhibited plant
growth {see Figure 14}.

According to Table 11, the fast food restaurant and the used car dealer are the only two industrial
sources in this area with high potential for causing oily discharges. Their respective SIC categories are
"Eating and Drinking Places™ {SIC#.58) and "Automotive Dealers™ (SIC# 55). Comparison of the
properties shown on Table 11 indicates inhibited vegetation only for the second category Thus, the
most Ilkeiy source of the discharge !s the used car dealer.

Furthermore, the source of contammatmn must ilkely be indirect, since the discharge occurs only
during wet. weather. Reference to Table 2, under the category of "Automotive Dealers”, indicates a
high potential for contamination due to outdoor storage. This fact, plus the knowledge that most used
cars are displayed outdoors, makes it fairly clear that surface runoff is probably carrylng spilled car oil
into the storm drain durlng rains.
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that good lntentlons vrgllance, and’ reasonabie remedlal .actions wrll (
problems.’ i an ‘extreme case, it may. be that while it was thought tbat a community had a separate

“In this section, the above items will be discussed, together with a sectlon_ n

SECTION 8

 CORRECTIVE TECHNIQUES

In addition to |dentrfyrng probiems of unauthorrzed or mappropnate entnes to stormwater systems

it is even more important to prevent problems from developing at all, and to provide an environment

in which future problems will be. avoided. Thus, a combined approach of |dent|fy|ng and correctlng
existing problems and avmdmg future probiems has considerable merit.: I' thrs sectron, the; focus ison
dlscussmg ways in which future problems can be avoided. However it shy _uld,be noted that this is.not
an in depth revnew but has been mciuded to: provnde the reader wrt 'sug : tlons that could be
mcorporated lnto a pollutlon preventron program '

There are aiso situations. in WhICh the sanitary system is so connected to. the “stormwater system
ictent to solve the

sanrtary sewer system and a separate storm dramage system in reality th orm, dra:nage system is
acting as a. combined sewer system. When recognized for what it really is; the alternatlves for the
future become clearer: undertake the considerable investment and commltment to rebuild the system
as a truly separate system, or recognize the system as a combined sewer sy stem;. and operate it as
such, without the' dns:llusronment that |t is a problem-plagued storm drai nag y_stem which can be
rehabilitated. B B S

Less extreme than desugnatmg a poIIuted stormwater dramage system a comblned sewer system,
is the actlon of focusing on pollutlon prevention by: :

° pubhc education, .

0 an organized systematic program of disconnecting commercnal af
entries into the:storm drainage system,

® tackling the problem of wrdespread septic system faiiure,

® disconnecting direct sanitary sewerage connections,

® rehabilitating storm or sanitary- sewers to abate contamlnated water

® developing zonmg and ordmances

i industrial non-stormwater

Era

iltration, and

atment of wide spread
sanitary sewerage failure. '

PUBLIC EDUCATION -

yast actions of private
some of the past and

One can argue that an ill informed and apathetic public has condo
citizens, commercial entities, industrial concerns, and public officials wh
present problems with unauthorized entries to storm drainage systems. Or
an aroused, concerned public in altering behavior at all ievels. Thus, public
It can be effective in altering the behavior of an individual who had assumed
was the place to dlscharge used crankcase ail. It can be effactive when
return of a stream or a reservoir t0 a clean and attractive condition.
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_ problem of unauthonzed entnes to the sto '

.erI have to focus on: both propnetors and:th

Public education carries with ‘it-the imiplicit assumption that an educated -public: will make the
"right” decisions, the educated public will be concerned about the "right". problems, and ‘it will
encourage private and pubhc orgamzatrons to develop solutions to the "right™ problems. Fortunately,
most of the problems, issues, and:corrective measures are clear cut with respect to unauthorized
entries to the stormwater system. Public education is a communication art associated with significant

:changes when successful;and imperceptible change when unsuccessful. As with all education;, it does
" not end, but:is a continuing process. The: following: paragraphs: describesome of the ways in which
- public ‘officials can help to educate the public. The "public™ has been subdividéd into categories which
- are ‘representative of :the problem areas wrth respect to unauthorrzed entrres to storm dralnage

..systems The subcategones of: the pubtrc are : S - .

0 mdustna!
ST commercla!. s
SRR
®

“residential o0 "
» governmental .

lndustnal decrsron makers cain be educated by ‘publrc offrmals through direct ¢ontact when they

seek information;:by'aducation:of the censuttants from:whem industry seeks advice, and by education
.-of trade dssociationis.. sIndirect’ educational dpportinities dre ‘provided by ‘speaking to meetings of
,,prof.essronal orgamzatrons angd: by AWting: p‘rofessrona! newsletters and journals.-Industrial decision

rmakers are a'small, group which is likely to: respond as they recognaze that they have to address the

Commercral storm dramage system user__ rea [arger qroup to educate The educatronal process
empleyees It will-have to recognize the state of both
groups, new busmesses opeéning; existing bilsinesses: ‘moving, expanding; and closing; and employees
enterlng the work force and: changing jobs.: ducatior:will have to be focused in the local community.

The role of trade and professional dssociations: will Petless than: was the case with industrial groups.

- News announcements in'thelocal press will play a.role as well as:'mailed news items. Individual contact

between a public official and the: proprigtor-of.a commercnal ‘establishment will:play a larger role. Follow
up and repeated:contaét 'may be necessary to; answer ‘questions and cope with empioyee turnover.
Public educatlon can also benefit from failures: Eor: example, certain violations of discharge practices
may be so’ ‘serious, or flagrant, that a citation’offirie results: The local press, if informed, may find such
an incident newsworthy The general publrc or: other potentral offenders, may benefrt from this
educatronal proeedure A P ‘ S

An mformed pubhc wrlhn to act on the cenvrctrens is the product sought from public educatron
The public: educator foclisés on: large groups;ias oneton-ene contact. is unlikely 1o be either time or cost
effective. Lonz; rarge educational: goals may:be tackled through school programs, while shorter range
educational goals may focus on_community groups. Public education will have to focus on broader
envrronmental issues than mappropr:ate entries to storm drains. ‘Subgroups in the community may play
rmportant roles ‘in public edueation. For example, .scouts may undertake community improvement
projects inclading placing signs -&n curbside: storm:-drains informing the public that the drain is for
stormwater only,; and nétifor discharge of wastes. Thus; public education must take advantage of
opportunities presented by:groupsilooking for cemmunrty improverent projects, the opportunities that
are availabléiin workmg» with the schiool system and opportunrtles arising from-the news media being

_"supphed Wlth newsworthy :tems

. The flnal group that pubhc offrcrais should address in pubhc educatson is other public offaela[s and

B governmental institutions.. Some small governmental units may not know about precautions to be taken

with discharges to storm drainage systems unless they are properly informed. Such subgroups may
include road departments, sanitation- workers, and workers at public institutions such as hospitals and
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prisons. A multilevel, multitarget public-education program can-help to avoid preblems.

lCOMMERCIAL AND INDUSTRIAL SITE DISCONNECTIONS OF NON STORMWATER SOURCES

. Out ef cenvemence and . out of rgnorance, commerclal and rndustnal sites. may 'impose ‘an
=_rncreasmg load on the.storm-drainage. system .This-may, be through. d:rect discharges to the storm
-drainage system, or it may be-through diffuse and indirect sources in which the site grounds are
.contaminated by spills and discharges which are then washed off by storm: runoff te the storm drain
during rainfall events or by washwater during wash-down operations. The problem is'compounded by
the vast array of sizes:of commercial and mdustnal enterprises. A single person enterprise has little
. opportunity to build expertlse on the subject of stormwater pollutlon while a Iarge industrial enterprise
may have an énvironmental division, To the uninformed. person, ‘any curb.opening, may be: thought to
be part of a comprehensrve sanitary wastewater treatment system and the proper entrance pornt for

: poliuted water dlscharges or other debns

: Correctlve measures for. lmproper uses of storm ‘dralns have 10 be, developed recogmzmg the
drfferences in knowledge and: sophlstrcatren of the cliem lndustnal users:are: relatrvely few-in.number
but are expected to have the most complex problems 'users are aware ; ,vmade aware,

have -an enforcement plan ready.

FAILING SEPTIC tAN_K SYSTEMS
or;rn;- drainage
ship that may

N Failing~septic_tank systems_-.can. have an impact on an .other;
~ system. Before discussing corrective measures, it is importa
develop between a septic tank system and a storm drainage

iching field (a
fated with the
ally-is made
-capacity of

A septic tank system consists of two major componen
: waste spreading or soil absorption system). In addition, ofe
system. Sanitary wastewaters are piped directly to the septl
of concrete, is rectangular in shape, is usually dIVIdEd into tw
one to several thousand ‘gallons. The septic tank serves a8
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settling unit in-which biological action converts the biodegradable liquid and solid waste particles into
stable end products. Gravity separates a significant portion of both biodegradable and
non-biodegradable particulate matter to the tank bottom or top {depending on whether the particles
sink or rise, respectively). Some ‘of the products of this partial treatment process are. carbon dioxide,
methane, hydrogen sulfide and other odor producing gases, digested and refractory or relatively
.non-biodegradable sludge, and floating: scum. -Because the septic tank remains full, it must discharge

. avolume of wastewater.each-time a volume of wastewater. is discharged into it. This discharged water

- enters a. leachrng field where some addrtronal treatment occurs and the fmal effluent. rs drscharged to
.the ground : S : 2

_ A septlc tank may be a. low ma:ntenance treatment unlt but it:is not entlrely malntenance free.
As the.septic tank continues to be loaded, the scum and sludge-{ayers build up so that the remaining

..volume available for treatment is reduced..Thus;. some of the partially digested or undigested solrds,
scum, and sludge. may. be carried from the septic tank to the leaching. field where the soil void- Space
may become c!ogged As the soil voids become clogged, the ability of the leaching field to-handle the
liquid portion of the waste is. reduced and surface pondrng of the wastewater may result. of course,
-ponding could have 'been prevented by having:the septic. tank serviced; that is, by havrng the: septrc
tank: pumped Pumprng removes: the. sludge; : sscurn, and other. contents: of the ‘septic tank 80 “that its
_storage: and. treatment capacrty is restored. Pumping frequency varies: dependrng on the: size-of. the

,septrc tank. and.its: loading rate. Residential: septic tanks may need to. be. pumped ‘every’ two to flve
.years. Commercra,l and rnstrtutlonal septrc tanks may need more frequent pumplng :

R e

A R~
B

TR e

Falled septrc tank systems have the potentlal to pollute stormwater because the leachmg freld wrll

: saturate the ground and possrb[y form ponded Mater on the ground surface The ponded: water may
-.run off and enter a storm -drain inlet. or drainage- drtch ol mfrltrate the ground in another area: -which
- isintercepted by a storm drarn through.infiltration: When it:rains, ‘any-remaining ponded water may be
- washed off with the runoff to the storm drainage system. Deperiding on the severity of the. septrc tank
. failure, the ponded water can have the- characteristics of partially treated sanitary- wastewater. or nearly
'.untreated sanitary, wastewate_ Thus, septic: tank farlures can contamrnate the stormwater drarnage
system clurmg bot wet and dry | : ‘ : o

_ Septrc tank systems may farl even wrth good marntenance practlces Such farlure can result when 7 i
the soil is- srmply not permeable enough for the leaching field, or when the soil absorbance ‘Capacity ;
is-exceeded . through Iong use. Al tlght clay sorl may have;,, _such low permeabllrty that the leaching !
capac;rty is vern limited. f-an umher of-ho areg built.in: close proxrmrty, their $eptic. tank leaching oo
fields: may. collectrvely exceed the soil's capacrty, leading to-a stormwater paoliution- problem Even ‘ l
properly operating septic tank systems area potential pollutant source. Because the basic’ function of .
the leaching field.is.to. drscharge partially treated. effluent;to the ground thrs septic tank effluent can

rnﬁltrate into nearby stormwater dralnage systems. R grer ik

Vanous correctrve methods exzst for farlrng septrc tank systems that pollute stormwater These
methods include: 1mprove maintenance, institute preventative: measures to avoid problems, ‘and
abandon the septic tank system with connections made to a sanitary sewerage system. In some cases,
improved maintenance may. bethe. answer. Soms persons will not do any maintenance-to their septic

_tank -system until it fails ({they note ponded: water in:the leaching field area). Then they -call for the
septic tank to be pumped. In many gases, this is not sufficient to correct the problem it-may be‘too
little action too late. The preventative action of having the septic tank pumped should have taken place

- prior. to failure of the system, Education may. provide part of the remedy. The septic tank user may
respond to exhortations to have the septic tank pumped on a regular basis,. before failure. Coercion
through- ordinances may: be another answer. Ordrnances may requrre that the septrc ‘tank be ‘pumped
at.a specified frequency, wrth a publsc body momtonng the program to ensure that marntenance has

- been carried out. : . : -
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It sometimes happens that soil conditions and populatron density rule out both voluntary or
involuntary maintenance. In this case, it may be necessary to consider abandoning the septic tank
system and mstallrng a system consisting of sanitary sewers leading to a treatment plant Another
option consists of abandoning the septic tank treatment method in favor of small package treatment
units that provide aerobic tréatment of the sanitary wastewater which is then discharged to a reglonal
leaching field. This option may succeed’ where the septlc tank system ‘has falied because wastes

-treated in an aerobic unit’ may not have the leachmg field cloggmg potentral ‘of wastes tréated in an
anaerobic septic tank. However, experience has shown that these advantages are only obtained with
proper control and maintenance. Aercbic systems are more sensitive than conventional septrc tank
systems to improper maintenance and may therefore not offer any real benefrts

DIRECT SANITARYa SEWERAGE'CO’NNECTI'ONS S

Due to 1nd|fference, lgnorance ‘paor’ enforcement of ordrnances, or other reasons, a stormwater
drarnage system, may have sanitary wastewater sewerage drrect connectrons Obvrously, the samtary
wastewater entering the storm drarn will not, recerve any’ treatment ‘and will pollute a Iarge flow of
stormwater, in"addition to the recervrng water If the storm dram has a Iow dry-weather ﬂow rate, the
presence of sanltary wastewater may be obvrous due to toﬂet paper feces, and odors In cases -of
hrgh dry-weather flows; it. may be more dn‘frcult to obwously detect TAwW sanrtary wastewaters due 1o
the low percentage of samtary wastewater i the mrxture ‘Even though the sanltary wastewater
fraction may ‘be low, “the prewously discussed fle[d testrng procedures {e.g., testlng for surfactants,
ammonia, potassium; and fluorrdes) erI assrst in the detectaon and quantlflcatron of ‘sanitary
wastewater c0ntam|nat|on in the storm dramage system Flow monrtormg may show the 'varratrons in
the flow rate that are typrcal of samtary wastewater o ‘ o :

Dye testmg can’ be effect:ve in frnd:ng specrfrc samtary wastewater connectrons between a house
and.a storm drainage system. Dye, such as ‘dilited rhodamine or fluorescein, |s flushed down the torlet
_of a house and the stJorm drain’is mon:tored to determme whether the dye appears Care has to be
exercrsed when usmg thrs method as these dyes may stain flxtures that are belng tested and any
splllage in the house causes starns that are very dn’-flcult to remove '

s

Momtonng of: the Storm dralnage system wrth telev:sron cameras can show the Ioc ns of breaks
in“the storm draln where ‘a sanitary" wastewater sewer or house !atera_ 'was attached' Televasron
cameras may also show drscharges takrng place at these Iocatlo_ ;
in actlve use. v o

~

REHABILITATING STORM OR SANITARY SEWEF{S TO’ ABATE CON' '
WATER iNFILTRATION

Infiltration of contaminated water into a stormwater drainage system can cause substantial
pollution of the system. This could occur where a sanitary sewer overlies and crosses {or parallels} a
storm dram with sanitary wastewater exflltratmg from the sanrtary ‘setver. and perco!atmg the storm
‘drain. Other instances would be in areas of polluted groundwater w. ¢ e storm drarnage is below
"the water table or mtercepts mflltratrng groundwater or m areas haV _g__s_eptrc_ tank systems, as
discussed previously, ey ' o
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It would be best to correct the sanitary sewer if only one drainage system can be corrected. This
~would have the dual advantage of preventing infiltration of high or peroolatrng groundwaters .and
preventmg pollution of stormwater with exfiltrating sanitary wastewater. Rehabilitation of the drainage
systems by use of inserted liners, or otherwise patching leaking areas, are possible corrective
measures. It is important that all drarns wrth infiltration problems be corrected for this corrective action
to be effective.. This would also include repairing house lateral sanitary wastewater lines, as ‘well as
the main dramage runs However, ‘these corrective measures are more likely to be cost effective when
'on[y a relatlvely small part of the complete drarnage systems require rehabrhtatron

"ZONING AND ORDIN'ANCES

Land use controls achieved by zonrng have the potential to exacerbate problems or drmmrsh them.
: For example, in an area wrth soils, that are ill_suited for septic tanks and leaching frelds, the potential
for future problems is mcreased if zonmg allows small lots for srngle famrly residential development and

allows septic tank systems As the area develops septic tank failures will become common, resulting.
.ln_ rncreased pollutron of stormwater and groundwater On the other hand, in areas havmg poor soils,

,zon,ng can- requrre correSpondrneg la Jer lot sizes and larger leachrng fre[ds, resultrng in fewer future
‘ problems Ordinances may specrfy the results that have to be achieved by mfrltratron tests used 10 size
_Ieachlng frelds Also ordrnances can requrre that a responsrble public_official be present when the
_‘mflltratlon test is run to decrease ‘the Irkelrhood of false -or spurious results belng reported Certrfred
. septic tank, rnstallers, also checked by publrc offrcral inspectors, should also be requrred to increase. the
'Ilkelrhood of the system bemg rnstalled correctly

Zonmg ¢an also have.a role 10 play in avordmg .development of land that is subject to frequent
floodmg In such_land, floodmg and. high groundwater conditions can result in the sanitary sewerage
‘ system bern_g _gradually overloaded by infiltration so that cross flow to the storm drainage system can
occur, ' ' - ' '

... Ordinances can help. to control problems by putting the force of law and public polrcy behind
desrrable practices. For example, ordinances can make mandatory practices: such as septic tank
maintenance that otherwise would be voluntary By makmg the practice mandatory, desrrable practices
are performed on a regular schedule 50 that large problems have less opportunity to develop.
‘Ordinances can also regulate the persons domg the pumplng of septic tanks so that they discharge the
septage to wastewater treatment plants where it can be properly treated rather than it being
discharged improperly where the pollutron problem is just transferred from one location to another.

_ Ordrnances can also help prevent and or control pollution from many other sources by restrrctrons
on: d:sposa[ of househo!d foxic substances to storm drains, storage of chemicals by industry, drsposal
of industrial wash down water, etc. :

Zoning and ordignances'.represent important means for governing bodies to anticipate problems,
to avoid problems, and to manage problems, so that desirable ends are achieved and undesirable
consequences: are avoided. .Enactment of zoning and ordinances occurs in the public arena where
interested persons can partrcrpate and express their views and concerns. The public can become
educated in this process, but zoning and ordinances have the desirable characteristic of being
remembered and remaining enforceabie long after an individual forgets, becomes disinterested, or
becomes recalcrtrant

Another import'antstep’ that municipal'itie's can take is the development of policies and procedures

for the management of spil'ls from transportation lincluding both roadway and rail} and pipeline
accidents. Spills should not be merely washed into the storm drainage system, but should be collected
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for proper treatment and disposal.

WIDESPREAD SANITARY SEWERAGE FAILURE

Connections- (whether directly by piping or indirectly by exfiltration or infiltration) of san:tery
sewers to the storm drainage system may be so wrdespread that the storm drainage system has to be
recognized as a combined sewer system. This could also be the case when the prevalence of septic
tank failures leads to widespread sanitary wastewater runoff to the storm drainage system. One usually
_ thinks of a combined sewer system as having all of the sanitary sewer connections to the same sewers

that carry stormwater, but the previous discussion suggests that there are degrees of a storm drainage
- system becoming a combined sewer system. Previously, the recommendations have been made that
widespread failure of septi¢ tank systems might necessitate the construction of a sanitary sewer to
replace the septic tanks. Also recommended was a program of rdentlfymg and dlsconnectlng sanltary
sewers from the storm drarnage system C

Prlor to these actlons takmg place, the storm dramage system operates to somie: degree as a
combrned sewer system: It may be-that the: samtary sewerage system is.not capable of handlmg the
load that would be- lmposed onit if a complete sewer separatron program were’ undertaken Or, in-an
‘extremeé case, no sanitary sewer system may exist. By recognizing that a combined sewer system does
in- fact-exist may help to. focus attention on approprlate remedial measures. The resources ‘may also
not be available to-undertake construction of a- separate samtary wastewater dralnage system

One should then focus on how to manage the ccmbrned -sewer system that- is in place
Management may require that end- -of-pipe storage/treatment be lnvestlgated Also, the combined sewer
system may be"tied into other combined sewers 50 that more’ centrallzed treatment and 'storage can
be applied. Operation of a combined sewer system may be preferable to havrng the’ stormwater and
the large number of sanltary entries receive no treatment..

An early ldentrﬁcatrcn ancE decrsnon to desrgnate a storm dr""'nage system ‘a.cor _(brned sewer

to the enwronment
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. GLOSSARY. . .

) Accuracy The combrnatlon of bIaS and precrsron of an analytrcal procedure whlch reﬂects the
-closeness of a measured value to a true value.

'Basefiow The dry-weather flow occurrrng m a. drarnage system W|th no apparent source leely to
. .be mostly rnfrltratlng groundwaters in_a. sanltary or- storm dralnage system but can a!so be

contammated wrth illicit wastewaters. See’ constant tor contmua!} dry—weather ﬂow :

. _‘Batch dump .- The dlsposal of a large volume of waste matenal dunng a short perlod of. trme, Usually

lndustrral waste

Bras A con5|stent dewatron of measured values from the true value, caused by systematrc errors in

a procedure

V' Coeffrorent of Varratlon (COV) A measure of the spread of data (ratlo of the standard dewatron to the

mean}

. Combrned Sewer - A sewer desngned for recervmg surface (dry- and wet—weatherf'runoff Jmumcrpal

{sanitary and mdustrral} wastewater and subsurface waters from mfrltratron Durmg dry weather it
acts asa samtary sewer, but it also carries stormwater from wet—weather runoff

Combmed sewer overﬂow (CSO) - Flow from an outfall {dlscharge condmt) of a comb:ned sewer

.collection system, in excess of the interceptor capacity or due to'a malfunctioning or improperly set
- flow regulator, - that is dlscharged into a reoemng ‘water . and/or an aux;hary CSO control

storage treatment system

-Constant {or continual} dry weather flow - Unrnterrupted flow in a storm sewer or~ dramage drtch
~ occurring in the absence of rain. See baseflow :

Deposits and stains - Any type of coating or discoloration that remains at an outfall as result of
dry-weather discharges. .

Detection limit - A number of different detection limits have been defined: IDL (instrument detection -

limit), is the constituent concentration that produces a signal greater than five times the signal to noise
ratio of the instrument; MDL {method detection limit} is the constituent concentration that, when
processed through a complete method, produces a signal with a 99 percent probability that it is
different from a blank; PQL {practical quantification limit) is the lowest constituent concentration
achievable among laboratories within specified limits during routine laboratory operat:ons The ratios
of these llmlts are approximately: IDL: MDL:PQL = 1:4: 20 (APHA, et al. 1989).

Direct {dry- weather) entries into the storm dramage system - Sources which enter a storm drainage
system directly, usuaily by direct prpmg connectlons between the wastewater condurt and the storm
drain.

Domestic sanitary wastewater - Sewage derived principaliy from human sources.
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‘ .‘Geographlc lnformatlon System {GIS) - Computer software that maps. Iand areas-
'mdustry, 1and use and demography
:'.Groundwater mfr!tration Seepage of below water, table groundwat or and s

- defective' plpes, pipe joints, tonnections, or manhole walls:”

~ storm’ drainage system |nd|rectly, usuaily by floor, areaway, and yard i

_ Interceptor - A sewer that receives flows from a number of wastew

-Drainage area - The area of land from which a storm drainage system collects precipitation and storm

runoff and then delivers the resulting stormwater to a specific point.

Dry-weather flow - Flow in.a storm sewer or drainage ditch occurring in the absence of storm flow.
But it is-also a constltuent of wet-weather flow. See baseﬂow

Entnes to storm dralnage Water (relatlvely clean or poliuted) dnscharged mto a stormwater dram from
sources such as, but not limited to, direct mdustrla[ or sanitary wastewater connections, roof leaders,

'yard and area drains, cooling water connectlons manhole covers, groundwater or subterraneous
' stormwater rnflltratmn etc. '

Floatables - Floatlng materlais, (plastrc contalners, condoms, samtary napk:ns, tlssues, corks, paper

_ .,contamers, 'wood, leaves, oil films, slimés, scur, etc.), that are either part of the inappropriate waste
vf‘streams dlscharged to a stormwater system or co!lected by ﬂows whrch enter a stormwater dramage

system

produces |mages

and information relatmg 1o the land: area, e. g., _topography, dralnage publlc Ll‘tlll'tl e ',l roads buﬂdmgs

u__terra:neous stormwater
rough such means as

B

into" stormwater sanrtary wastewater or combmed sewer drasnage vt ms,

Hardness - Caused by the presence of the dlvalent catrons {prln it
water. " Causes an mcreased .amount of soap usage before. produc
water plpes, bo:ler vessels condensate return Imes coohng systems

House Lateral - A p:pe connectmg a house 1o a laterai or other
connectron

Indlrect dry-weather entries into the storm drainage system Norr‘ tol
dumping

!ndustrial dry-weather entries into the storm drainage syste'm “An i : aste commg from
lndustnal sources which enter storm drainage systems dunng perrods of gy W her

Infiltration - The process whereby water enters-a drainage system underg
as defectlve p:pes, pipe joints, connections, manhole walls etc

rojug'h such means

em from surface
f leader setc.).

Inflcw The process Whereby water enters a sanltary wastew
Iocatrons (e. g through depressed manhole covers, yard and areawa nlets’

Intercepted stormwaterlgroundwater - The portiqn of surface run

_ ' ater moving through
the soil that enters a storm drainage, combined sewer, or sanitar ' T

Intermittent dry-weather flow - Irregular flow in a storm drainage sys

:Z‘m the absence of
storm flow.
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:Lateral - A drain or sewer that.has no other drains or sewers dlscharging mto it except for service
connections, or house laterals, :

‘Leaching field - A system which facilitates the infiltration of a septic tank effluent inta the soil, This
is typically done by a pipe and infiltrating trench system which takes the effluent from a septic tank
and distributes it through the leaching field, where addmonal treatment of the effluent occurs as it
: percolates through the ground or son! coiumn :

: Monte Carlo probabilistlc snmulatron A statistical modeiing approach used to determme the expected
frequency and magnitude of an output by running repetitive simulations using statistically selected
mputs for the model parameters -

'Munlmpai sewagelwastewater Sewage7Wastewater from a community which may be composed of
.domestic sewage/wastewater, industrial wastewater and/or commercial ‘Wwastewater, together wath
subsurface infiltration. :

National Pollution Discharge Elimination System (NPDES} - A national system of permits -issued to
- industrial,: commercial, 'and . municipal. dischargers- to. llmlt the - amount of poliutants that can be
discharged to waters of the USA. TR

 Non-contact cooling water - Water that deoreases the temperature of an object, without ever: physrcally
. contacting the object. e ‘

Nonpoint pollution source- Any unconfined and nondiscrete conveyance from which pollutants are
discharged,” or an urban drainage system not under the NPDES These sources are usualiy from
agricultural, sﬂwcu!tural and rural Iand areas.. :

Outfall - In this User's Guide, an outfali refers to a point at which a stormwater drainage system
discharges to a receiving water. There is sometimes a concrete structure or reétaining wall at this
location to protect the end of the discharge pipe and prevent erosion of the receiving water bank.

- Pathogen - A disease-causing microorganism.

Point source - Any discernible, confined, and discrete conveyance from which pollutants are, or may
be, discharged. Under the NPDES it is an outfall discharge, or overflow of treated or untreated
sanitary, industrial, combined sewage or stormwater (from a municipality greater than 100,000 in
population). : -

Pollutant - Any material in water or wastewater interfering with de‘signated' beneficia[ uses.

Potable water - Water that has been treated, or is naturaliy fit for dnnking, i.e., the water has no
harmful contents to make it unsurtable for human consumption

Precision - The measure of the degree of agreement among rephcate analyses of a sampie, usually
expressed as the standard deviation.

Pretreatment - The removal of material such as, gross solids, grit, grease, metals, toxicants. etc. or
treatment such as aeration, pH adjustment, etc. to improve the' quality of a wastewater- prior to
discharge to a municipal wastewater system. This is usually done by the industrial user of the water,
but can also refer to the initial treatment processes of a sewage treatment plant.

Process line discharge - The disposal of anything used in, or resulting from, a manufacturing process.

83




Process water - Water used in industry to perform a varretv of functrons, or as an actual product
rngredrent

Receiving waters - Natural or man-made water systems into whrch stormwaters, or wastewaters, are
discharged.

Rinse water - Water that cleans or reduces the- temperature of an objer.:t through actual physrcal
contact with the object '

Sanrtary sewer - A samtary wastewater dralnage system ‘intended to carry . wastewaters from
residences, commercial buildings, industrial plants, and institutions together with minor quantrtres of
groundwater, stormwater and surface water that are not admrtted rntentlonally [40 CFR 35 2005 (b}
(37N

Sanitary wastewater - Wastewater of human origin.
Service Connection - See house lateral

Septic tank - A tank which receives sanitary wastewater direct from its source, (usually residential),
and permits settling of the heavy solids and floatation of greases and fats along with anaerobic
digestion. Septic'tanks, typically need to meet minimum regulatory standards, e g minimum volume
and . detention trme

Sewage - In this text the term sewage” refers to sanitary wastewater or wastewaters generated from
commercial or industrial operations, it does not lnclude stormwater. :

Sewer - A pipe, conduit or drain generally closed, but normally not flowrng fuII for carrying sanitary,
industrial and commercral wastewater and storm-induced (combmed wastewater and stormwater)
flows. : -

'Sewerage - System of piping and appurtenances, with and without control -treatment facilities for
collecting and conveying wastewaters with or without pollution abatement from source to drscharge

Specrfic Conductivity - Expressed in microSiemens/cm {or mrcromhos/cm) It'|s,_an indication of the
dissolved solids (charged} concentration in a liquid. : EE '

Storm drainage discharge - Flow from a storm drain that is discharged to a 'reoei\ring water.

Storm drain - A pipe, or natural or man-made channel, or ditch, that ‘i'E"dea'igned to carry only
stormwater, surface runoff, street washwaters, and drainage from source to pornt of discharge [40
CFR 35.2005 (b} {47)]. : L

into the ground,
dinage, a combined
i urban stormwater

Stormwater - Water resuiting from precipitation which either lnf ates’
impounds/puddles, and/or runs freely from the surface, oris captured'by’ to
sewer, and to a limited degree, by sanitary sewer facilities. See urban
runoff. )

Surfactants Surface-active agents and common components in detergent JHich affect the surface
tension of water and can cause foaming. b

SIC - Standard industrial Classification, a code used to describe an industry:
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Total solids - The entire QUantity of solids in the liquid flow or volume including the dissoived and
particulate (suspended, floatable, and settleable) fractions.

To'xicity'- The degree to which a pollutant causes physiological harm to the health of an organism.
Tracer - In this User's Guide, a tracer is a distinct component, or combination of components
(" fingerprint"), of a poliuting source whuch is identified in order to confirm the entry of the polluting

source to a storm drainage system.

Trace Metals Metals present in small concentrations. From a regulatory standpoint, thrs usually refers
to metal concentratrons that can cause toxicity at trace concentrations.

Turbidity - The lack of clarity in the water usually caused by suspended particulate matter and

measured by interference to light. penetratron

Urban runoff - Any runoff stormwater from an urban drainage area that reaches a receiving water body
or subsurface. During dry weather, it may be comprised of many baseflow components, both relatrvely
uncontammated and contammated See stormwater and urban stormwater runoff.

Urban stormwater runoff Stormwater from an urban drainage area that reaches a receiving water

body or subsurface caused by weather precipitation (rain, snow, etc.). See stormwater and urban
runoff .

Watershed A geographic region (area of land) within which precipitation drains into a partlcular rlver
drainage system or body of water that has one specific delivery point.

Wet-weather flow - Any flow resulting from precipitation (rain, snow, etc.) which may introduce
contaminants into storm dra:nage combined sewerage, or sanitary sewerage systems.
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